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Introduction

ON MAamr 1, 1954, an experimental thermo-
nuclear device was exploded at the U. S. Atomic
Energy (!ommiseion’s Eniwetok Proving
Grounds in the Marshall Islands. Following

the detonation, unexpected changee in the wind
structure deposited radioactive materials on
inhabited atolls and on ships of Joint Task
Force #7, which was conducting the tests.
Radiation surveys of the areas revealed injuri-
ous radiation levels; therefore, evacuation was
ordered, and was carried out as quickly as poe-
sible with the facilities available to the Taak
Forca.

Although the calcdated accumulated doses to
the exposed human beings were believed to be
well below levels that would produce serious
injury or any mortality, the Commander of the
Task Force requested the Department of De-
fense and the U. S. .\tomic Energy Commis-
sion to organize a medical team to provide the
best possible care of the exposed persons and to
make a medical study of the exposures.

Responsibility for organization of the medi-
cal team was shared by the Armed Forces Spw
cial Weapons Projec\ Department of Defense,
and the Division of Biology and Medicine, U. S.
.itomic Energy Commission. Experienced
professional and technical personnel were im-
mediately available from the Naval .Medical Re-
search Institute and the U. S. Naval Radiologi-
cal Defen-~ Laboratory. Since speed was es-
sential in the organization and transport of the
medical team to the mid-Pacific area, the as-
sistance of the Medical Department of the Navy
was requested, and was promptly received from
the Surgeon General.

.$ team was organized from pers&nel of the
two Navy laboratories and representatives of the
.\EC Division of Biology and Medicine and the

(
.\rmed Forces Special Weapons Project. The
team was air lifted to the .Mamhtdl Islimds,
mrriving on the eighth day after the explosion.

[nt.arim care and study had been capably
handled by the small medical department of the
U. S. Naval Station. Kw~jalein, Mamhall Is-

t

lands The commander of the naval station had
arranged living facilities for the exposed Mar-
shallese, and installed laboratory and clinical
facilities as requestxd immediately upon arrival
of the medical team.

Full cooperation and support from all agen-
cies in the field enabled the medical team to
operate at maximum efficiency, so that the de-
gree of radiation injury could be asseeaed
quickly, and appropriate care and study of the
injured could be instituted without delay. ...11
of the exposed individuals have recovered from
the immediate effects without serious sequelae.
Nevertheless it is planned to evaluate the
medicnl and -nnetic status of the group at ap-
proprinta intervals with a view to learning
what if any of the known late efle+: of radia-
tion exposure maybe observed. Obmusly and
indeed fortunately the number of persons rec-
eiving 75 roentgens exposure and ~gwater is
too smnll to make it poeeible to determine with
my degree of accuracy the etkt on life span.

In addition to providing medical care for
these pewns, the team accumulated a large
body of scientific obaervntions on radiation in-
jury in human beings. The initial data hnvc
been supplemental by field resurveys 6, and 24

months after the original investigation.
The results of this work me summarized in

the present volume. The data which were ob-

tained substantially increase the fundamental
knowledge of radiation injury ind the medical

capability of caring for persons exposed to
lurge doses of radiation.

CILtItLSS L. IXTNIIAM, M. D., Dirf~tor,
Division of 13iology and Medicine,

U. S. .\tomic Energy Comrnissioll.
[u



Preface and AcknowledgmentsJ

THE UNDERTAKINGof the care and study of the
human beings accidentally exposed to fallout
radiation following the March 1, 1954, nuclear
test detonation in the Pacific repm+eented the
first instance in which study of a large group
of irradiated human beings was possible soon
after exposure. Although the physical esti-
mates of dose reseived by the individuals ex-
posed to fallout radiation were thought to be
sublethal, precise knowledge of the relative
sensitivity of human beings to penetrating ion-
izing radintion was lacking. Accordingly, in
addition to the initial medical team, provisions
were made for a second echelon of specialized
pemonnel in case they were needed. A pre-
ventative medicine unit of the Commander-in-
Chief, Pacific fleet, was alerted for possible bac-
teriological studies; blood bank personnel, and
additional clinicians and nursee were notified
in case conditions justified their services in the
Kwajalein area. Rear Admiral Bartholomew
Hogan, MC, USN, Pacific Fleet Medical Offi-
cer,* promised full support of all the medical
facilities of the Pacific F1eet were they deemed
necessary. With the preceding planning it
was felt that any medical problem, regardless
of the severity, could be promptly and ade-
quately handled in the field.

The personnel for the team were obtained
within the continental limits of the United
Statea from the Naval Medical Research In-
stitute and the United States Naval Radiologi-
cal “bfense Labomtory. From the former, four
medical officers, E. P. Cronkite, R. A. Conard,
N. R. Shulman, and R. S. Farr were obtained.
Two Medical Service Corps officenv, W. H.
Chapman and Robert Sharp, were also ob-
tained from the same institution. In addition,
six enlisted men, C. R. Sipe, I-MC, LTSN; P.
K. Schork, HMC, USN; C. P. A. Strome, HMC,
USN; W. C. Clutter, HM, l/C; R. E. HanSell,

●Now SurgeonGeneral,U.S. Na~y.

n’

u

HM lYC; and J. S. Hamby, HM, 2/C wem
provided. From the United Statee Naval Ra-
diological Defense Laboratory, one civiliau
physician, Doctor V. P. Bond; one medical
service corps officer, Lt. Corn. L. J. Smith; and
four enlisted men, W. H. Gibbs, HMC, USN;
J. C. Hendrie, HM, l/C; W. S. ~gonza, HM,
2/C; and J. Flannagan, HM, were supplied.
The Division of Biology and Medicine, Atomic
Energy Commission, sent two civilian physi-
cians, Dr. C. L Dunham then Chief of the
Medical Branch and Dr. G. V. LeRoy, Con-
sultant and Special Representative of the Di-
rector of the Division. The Armed Forces Spe-
cial Weapons Project supplied one Army medi-
cal officer, Lt. Col. L. E. Browning, MC, USA.
All personnel were experienced in the study
of radiation injury:

The preliminary studies performed by the
.Medical Department of the Naval Station at
Kwajalein were under the direction of Com-
mander W. S. Hall, MC, USN, the station
medical officer and his small staff who are to
be commended for an excellent job.

Upon arrival of the medical team, it became
quite evident that, because of tie large numbers
of radiation casualties and the huge amount of
work involved in collecting data, that primary
responsibilities for various phases of the study
would have to be delegated in’ order to obtain
the necessary information for biological assay
of the degree of injury. In the initial phase,
hematological surveys and establishment of
clinical records on each individual were empha-
sized. Dr. V. P. 130nd organized and ana-
lyzed the results of bhe daily blood studies. Lt.
N. R. Shulman, MC, USN, with the capable

assistance of Mr. John Tobin, anthropologist of
the Trust Territory, and Kathleen Emil, Mar-
shailese nume, as interpreters, undertook the
establishment of medical histiriee and initial
physical examinations. As the clinical picture
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unfolded, daily sick call and care of the rfidia-
tion lesions were carried out by Dcwtor Shul-
man along lines decided in general conference
of tihe entire group. When epilation and skin
lesions nppenred, Commander R. .$. Conard,
*MC, L’SN, was assigned primary responsibility

\ for documentation of the onset, incidence, and
detailed description of the skin lesions. During
the field phase, Lt. Robert Sharp, MSC, USN,
was given the responsibility for decontamina-
tion and collection of data from all sources on
the radiation intensities of the contaminated
atolls and the calculation of probable doses of
radiation received. Paul K. Schork. HMC,
USN, wns in charge of the Hematology IAora-
tory. The services of Doctor S. H. Cohn were
raquested, and made available by VSNRDL to
undertake a field study of the degree of internal
contamination, in addition to the studies that
were to be performed on urine samples returned
to the Los Alamos Scientific Laboratory, New
York Operations Otlice of the Atomic Ener=v
Commission, and the USNRDL

The authors wish to express their gratitude
and indebtedness in paiticuiar to Doctor John
C. Bugher, then Director of the Division of
Biology and Medicine , -\tomic Energy Com-
mission, v-ho came to the forward mea and was
always available for counsel. In addition Cap-
tain Vnn Tipton, .MC, USN, Director of Atomic
Defense Division of the 13urenu of Medicine
xnd Surgery, Department of the Nnvy; (’om-
mnnder Harry Etter. .MC, USN; Captain W. E.
Kellum, .MC, USN: and Cnptain T. 1.. Will rnon,
t’ommnnding and Executive Officers respec-
tively of the Naval .Medical Research Insti-
tute: Cnptnin R. .i. Hinners, USN, Director
L-SNRDL nnd Captnin .1. R. Ilellnke, MC,
I?SN, Asaocinte Director XRDI.; gave unlim-
ited support nl]d reduced administrative pro-
cedures to a hare minimunl. thus making it pos-
sible for the unit to be nssemble[l and ullderwny
in n mntter of hours.

ITpon nrrivnl at Kwnjalein, Rear Admiral
R. S. Clarke, USN, (Yommandi]lg officer l~nited
States Ynvai Station, Kwajnlein, supported the
l)roject with nll of the facilities at l~is disposal.
.U a result. a laboratory :tlld clinic JVnSestab-

lished and opemting within 24 hours after nr-
rivnl of the medical team.

In uddition, we wish to acknowledge the out-
standing contributions of Col. C. !3. Maupin,
MC, US.\, Field Command Armed Forces Spe-
cial Wenpons Project: Captain H. H. Haight,
MC, USN, Division of .Militnry Application,
.\tomic Ener=w Commission: Dr. Gordon Dun-
ning, Division of Biology and Medicine, Atomic
Energy Commission: and Dr. H. Scoville of
.h-med Forces Special Weapons Project who in
nddition to their primary duties, collected ex-
tensive dnta in the field on the radiation intensi-
ties of the atolls and kindly furnished this ma-
terinl to the project personnel. Drs. T. L. Ship-
mnn, Thomns White,* and Pmyne Harris of the
1AM .ilamoe Scientific Laboratory kindly fur-
nished very vnluable data on urinary excretion
of rndionuclides. The early studies of the Tms
.~lnmos group in particular contributed sig-
nificantly to the information on the de- and
nnture of internal deposition of short lived
mdionuclidea. Dr. G. V. IARoy, Associate
Denn, School of Biological Sciences, L-niversity
of C]licago, participated in the early ph~ of .
the study as a consultant to the Medicnl Group.

The nuthors of Chapter I nre pnrticuhdy in-
debted to Dr. C. S. Cook and the Nuclear Radia-
tion Branch nt the Navy Radiological Defense
T~borntory for information on energy distri-
but ion oft he gammn mdiat ion. Dntn on radio-
chemicnl imd radioactive decay rates were sup-
plied by Dr. C. F. Miller nnd the Cl~emical
Technology Division of USNRDL and l%. R.
W. Spense of Los .ilnmos Scientific IAOratOry.

In collecting dnta on the skin lesions, the
help of 13illiet Edmol~d, Marslmilese sclmol
tencher for the Rongelnp group in interpreta-
tion was invaluable. Miss Patricia Ronn of
[XSNR DI. pmpafed the histologic prepara-
tions of tl~eskin biopsies nnd Mr. Willinrn Mur-
ray itnd (horge Needum of IV3NRDI. :Lntl
C. P. A. Strome, HMC, IMN, Nnval Mdki~l

Research Institute performed the excellent
color photogmphy.

In prepnmtion of the material itnd writing of
Clmpter V, the nu~hora are indebted to .Miss C.

● Deeelwed.
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Jones of USNRDL, who prepared the autorrw
diographs of the tissues. In addition, Dr. W. P.
Norris of .Yrgorme National Laboratory mnde
autographs of specific tissues. Dr. Rachael
Reed of USh’RDL performed the microscopic
pathological studies of the tissues from the ani-
mals in whom radioisotopes were deposited in-
ternally. Lt. Col. R. J. Veenstra, V(3, LT. S.
Army, was in charge of the care of all the ex-
perimental nnimals collected in the field and re-
turned to the United $tntes Naval Radiological
Defense Laborrttory. Dr. E. R. Thornpklns
made the facilities of the chemicnl technology
division of the USNRDL available nnd pro-
vided technical advice on the radiochernical
aspects of the project.

The continuous help and cooperation of the
Trust Territory representatives in particular.
Mr. Mnynnrd Neass, District .\dministrrttor of
Majuro Atoll and their aid in obtaining the
necessary controi data on .Marshallese inhabi-
tants was indispensable to the success of this
study. Particular help wtts obtained from Mr.
John Tobin, the district anthropologist, whose
knowledge of the Marshallese laneqage and
habl~ in addition to services ns an interpreter,
were invaluable.

The initial measurements on skin and cloth-
ing contamination were mnde by Lt. J. S.
Thompson, .MC, USN, of V. P. 2!) Squadron.
We are indebted to him for furnishing his rec-
ords on the contaminated individuals and the
initial decontamination that was performed by
his group.

The care and the study of these hurnun beings
would not have been successful unless “the
Wwshallese had nccepted the importance of
thdr being under careful medical observation
and of gathering medical data. .%t rdl times
these people were most plensnnt, cooperative
and actively participated in the project. In
pm-ticulnr the project officer wishes to express
thanks to the Magistrates of the groups, to the
Marshallese health aids, school tenchers. and
nurses.

It’ is quite impossible to acknowledge the
assistance of the numerous individuals in vari-
ous agencies who assisted in collection of duta
and editing of the various chtipters. The Pro-
ject Otlicer wishes to commend al] of the pro-
fessional and technical members of the group
for their excellent motivation, initiative, and
voluntary long hours of extra work that were
essential for the accomplishment of the clinical
and research objectives and the rupicl collection
of the preliminary data in the field. It is
quite evident that the entire study of the ex-
posed individuals was a cooperative endenvor
involving numerous nativities, and that it would
lmve been impossible except for the splendid
spirit of unselfish cooperation by wIIconcerned.
The fine team work of the group itself made
it possible for realistic daily reports on all of
the above phases to be forwarded daily to re-
sponsible agencies and thus keep authorities
informed of the course and severity of events
following this untoward aJd unavoidable it~ci-

dent.
Upon completion of the init i~il phase of the

stucly, primary responsibilityy for writing re-
ports on the variouse phnses was delegnted as
follows: C. .L Sonclhmw, dosimetry: Y. R.
Shulman, clinicnl course and care: R. .L Corl-
ard. skin lesions: V. P. Ilotd, hematology: S.
11. (’ohn, internnl clepositiom

The find publication of this nmnograpll on
human radiation injury represents the comple-
tion of the tinest in cooperation and tenm work
of a diverse group who willingly sacrificed
lwsonal ambitions and desires for the good
of the project at hqzz. It wits it distinct privi -
Iebw to ~ C]lOSS1lto direct the medical tenm,

a reul pletisure to edit and i])tegrate the Sepil-

I’ilte re[)orts >tnd tinlllly realize their frllitiol~
as u homogeneous monogruph.

E. 1’. (“RoNK1% M. D.,
Medical Department.
l~rookhavell Nationnl .Laboratory,
Upton, New York.



Cbapr I

Radiation Characteristics of the Fallout Material and the
Determination of the Dose of Radiation

C. A. SONDBAUS

Ramm SmxP, Lt. (jg) MSC USN

V. P. Born+ hf. D., Ph. D.

E. P. CBo_ Cdr. (MC) USN



Outizke

1.1 Nature of the Event and Description of the
Exposed Groups.

1.2 Whole-Body Gamma Doses.
1.21 Characteristics of the Radiation.
1.22 Duration of the Expoeums.
1.23 Geometry of the Exposures.

1.3 Estimation of the Doses From Beta and
Soft Gamma Radiation.

1.4 summary.

.



1.1 ~ature of the Event and Description of the Exposed Groups

FOWWIMJ THE DETONATIONof a nuclear de-
vice at the Pacific Proving ground in the Spring

, of 1954, significant amounts of radioactive ma-
terial fell on neighboring populated atolls.
The Marshallese inhabitants of Rongelap atoll
(designated as Group I) received the highest
calculated dose of radiation. Some of the
Rongelap people were located temporarily on
Ailinginae atoll from the time of the fallout
until they were evacuated (Group II). Their
calculated dose was smaller than that of the
other members of the parent group. The
American service men (Group III ) were lo-
cated on Rongerik atoll. The largest group of
.Marshallese (Group IV) were locnted on Utirik
atoll and received the smallest dose. The Mnr-
shallese were living under relatively primitive
conditions in lightly constructed palm houses
(Fig. 1.1).

The American military personnel had the
second highest exposure. They were more
aware of the significance of the fallout than
were the Marshailese, and promptly put on ad-
ditional clothing to protect their skin. As far

as duties would permit, they remained inside of
aluminum buildings. In contrast, most of the
Marshallese remained out-of-doors and thus
were more heavily contaminated by the ma-
terial falling on the atolls. Some of the
Marshallese, however, went swimming during
the fallout and many of the children waded in
ehe water, thus washing a considerable amount
of the materinl from their skin.

The exposed personnel were evacuated to
Kwnjalein by air and surface transportation.
Since a survey of all individuals showed that
there was significant contamination of skin, hair
i~nd clothes, prompt decontamination was in-
stituted. Clothes were removed and laundered
:md repeated washings of the skin and hair
with fresh water and soap were carried out. In
many of the hfarshallese, it was difficult to wash
the radioactive material from the hair because
of the heavy coconut-oil hair dressing.

The exposure groups with individuals in-
volved,” the calculated doses of radiation, the
probable times of beginning of the fallout and
;he evacuation times are given in T .)le 1.1.

Table l.1—Expoeed, aad Control Unexposed Groups

IBMW?:%
TOTAL A??SOXIMATB

QBOWDXMONATION ~WMDXB TIMxor COM. lNUTSWMSbITREAorNaa
TIMSor EVACUATION USCOIN Doss CW3J. TOTAL

IN chow MSNCCMBNT 0? QAuuA
FULOW LATIOIW I&;;

Group I.—Rongelap 64
7
H + 4t06 H + 50 hrs. (16 people) 375 mrlhre., H + 7 175

.
hrs. H + 51 hrs. (48 people) days

Group 11.—Ailinginae la H+4t06 ‘H+58hrs. 100 mr/hre., H + 9 69
hrs. days

Croup 111.—Rongerik ~ 28 H + 6.8 hrs. H + 28.5 hm, (8 men) 28o rndhrs., H + 9 78
H + 34 hm. (20 men) days

Group IV.—Utirik 157 H + 22 hrs. Started at Ii + 55 hm. 40 mr/hrs., H + 8 14
Completedat H + 78hm. days

Marshallese, Control 117
Group A

Americans, Control Kwa- 105
jalein-American

,

Total Exposed-267; Total Controls-222
3



4 EFFECTS OF IONIZING RADIATION

..

FIWIUEl.1—Tvpical construction of the ,Jfar.?haUe#e homes to illuutrftte the
rzpo%ure environment nf the Marshalle8e and the luck of shieldin!Y fronb
WJmnm radiation.
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1.2 Whole Body Gamma Doses carried out, nor was its operating condition
kuown to be satisfactory under the emergency

THE ESTIMATEDV.ALGESof external dose given condition prevailing at the time of use. For
in Table 1.1 were ctdculntsd from rendings of these reasons the later readings, which were
radiation field survey instruments. * Averages higher than the enrly survey by an average of
of a number of dose rate measurements on ench

,
50 percent when corrected to the same times,

islnnd at a given time were used. The rend- were used in com@ting the doses listed. The
ings were taken in air, approximately three instruments used for the later measurements
f&t nbove ground, several days after the inhab- were calibrated just prior to the surveys.

------ ORIGINALSOURCE SPECIRUM
_ INFINITEPLANE,3’INAIR
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II
t,
1 I
I I
II
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I
I /
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I I
t t
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I I

4
1 I I
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I !B
# #I
I t ; ,
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I
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I
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I
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I
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ENERGY IKEV)

~OUEE 1.2—Distribution of inherent em?rgiea of yamma radiation from miZPd.-
ti#On prodwta, and hi-!toyram of dqrradrd awrqie~ produced bv Compton
.scatterinq at [evel of infin;tc plane 3 feet in air above unifwt~lty-{fi~tributed
fi8i0n prodwt8 field.

itants were evacuated. Before this time, ilde- 1.21 Characteristi~ of the Gamma Radiation
quate surveys with well calibriited instruments
lml not been possible, aithough rexdings had The fallotlt materiu 1, wl]en deposited on the

(rmLII1d, formed :1 large pl:~nar source of P.dlik-
been taken with a single survey meter i~t tile ~on
time of evacuation. Hotvever, prelirninnry . The el]ergy distribution of t.l)e radiation

r~llibr:ttioll of this instrument h~~d not ~n mnciling an exposed individual was illfluence{l
I)y its ~mssage tllrougll the intervening xir. .~
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diation us it emanated from the material itself
made possible an approximate calculation of
the proportion of total dose delivered in ench
of several enerpq regions. .Such n calcnlntion,
using spectrometric data on the source material
of mixed fission products and tnking into ac-
count this energy degradation by Compton scat-
tering along the path in air, (1) led to the
does-energy histogram shown in Figure 1.2.
Roughly there were three regions, with mux-
ima at 100, 700 and 1500 l{ll\r. The total ex-
posure was thus the resultant effect of partinl
closes from each energy region, making the ex-
posure energy conciition significantly different
from those of radiation therapy or experimental
radiobiolo~.

The data in Figure 1.2 are based on the spec-
trum of 4 clay old tission prociucts from a fail-
out sample. In the absence of other dnta, this
was taken M representative of the fallout 011
x11of the islnnds to which the individuals were
exposed. An energy correction factor for the
radiation measuring instrument wns cn]culated
by weighting the dose from ench energy inter-
val by i~n average meter response factor for
thi~t energy (2). A geometry correction factor
was also calculated. The total correction result-
ing from this procedure was found to be nbout
twenty percent.

Using this correction. the dose rates cm the
islands at the time of survey were determined.
Since radioactive decay of the tission proclucts
had occurred between the stnrt of the exposure
iml this time, it was necessary to obtain a value
for this decay rate during the exposure period
in order to calculute a total dose in each case.
.i la~~ number of radioisotopes are present in
varying proportions in the fission product mix-

ture, and the total rute of change of radiation
intensity resulting from them may ditfer some-
what with place and time. The best data ilvi~il-

nble in this case came from fallout sitmples
taken soon after the (letonution at points some
{listance from the contaminilted atol 1s. Decay’
rates of these samples were mensured in the
field and in the liiboratory, and a fairly con-
sistent puttern w:w observed :lmoug varit)lls lo-

cations and samples. In addition, theore

considerations based on the radiochemicttl
position of the failout mixture permitted d
rates to be calculated for ditferent intervals
tween the time of initial exposure and later
vey readings (3). These agree well with
experimental data, and were used both in
dose calculations during the exposure inter
and in extrapolating the later survey read
to earlier times.

1.22 Duncion of the Exposures

Tlie time of evacuation is known accura
for all the islumls; however, the time of ur
of tile r~ciioactive cloud was IIetermined
cisely only for Rongerik by means of a cont
ously recording dme rate monitor located a
weather stittion on that atoll. .1s the radia
intensity rose above the bm-kgroun(l. a mit
with u misty uppeurance began to fall.
times of beginning of filll~ut for Rongelitp
.iilinginae utolls were estimiited from sim
visual observations. These estimates were
sistent with the reliltit.e distances from th
of detonation and the known win(l veloc
Fallout WM not observed on {“t iri~ henc
estimnte of arrival time was made on tile
of wind velocity and clistaflce.

Two extreme possibilities exist relative t
tlliration of the fallouts: the tirst, that the
~)llt (wclirred el]tirely within it short time
second, thilt it was &rril(lUil 1Nnd extende(l o
longer period. The monitoring instrurne]
Roilppwik went otf scale itt 1(MJmr/llr, one
l~hur itfter the dose rate began to rise a
background. if this mte of incren.se is tak
ronstant+ and is eXtIVlpoliltWl to u point
whicl] subsequel]t (Iecay WOUI(Ireduce tl~e
~ilte to the v:~lues fmln~l ilt luter times. ti

sliml)tiotl of a l(mg f:llloltt of nbout 16 ]]ou
foun(l to be necessiwy. This SlOW rate of
illl(l liltO maxi mllrn time of (lose rate Wil

limit ing c:we; however this sitlmtion ~v:
considered likely, Existil)g (I:itn are inco
sive, but several i]dicittions fiiv~r :1 slw
“effective fullmlt time lkylwtlwsis” illl~l :Iw

nlarize(l below.
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a.

b.

c.

The estimated durations of fallout which
result from the above extrapolation of initial
fallout rate for Group I and III appear too
long to have occurred at the distances of
these people from the shot island, since the
wind velocity in the area was high enough
to move the cloud over the isiands in a
considerably shorter time, as little as one-
haif of the above indicated time.

The accounts of the visibility of the fallouts,
although conflicting, do not indicate such
late cessation.

Doses calculated on a long fallout constant
rate of increase hypothesis are lower than
those due to a short fallout, since a short
fallout quickly deposits a large amQunt of
activity. For both a 16 hour and 8 hour
fallout assumption, a dose value was esti-
mated. The ranges are then as follows:

Table 1.2

I LOCATION
\

DIXI%INr
FALLOUT TIME I

—1
18kr 8hr

Rongelap (Group 1) . . ---- 159r , 209r
Ailkginae (Group 11). ---
Rongerik (Group III) ----
Utirik (Group IV).. -----

XS I l%;
12 r 15 r

I

On Rongerik (Group III) a set of film badg~

\

readings were obtained which constitute the ,
only direct evidence of total dose. Several
badgea worn both outdoors and inside lightly
constru_ctcd buildings .on the island read
about 50 to 65 r, and one badge which re-
mained outdoors over the 28.5 hour period

read 98 r. Another group of badges, kt’pt
indoors inside a steel refrkerator, read 38 r.

d.

e.

For Utirik atoll Group IV, oniy a fallout
time of about 12 hours or less is consistent
with the later dose rates observed, provided
the fallout actually began as late as was

estimated from wind and distance factors.

A Ion= fallout probably would not be uni-
forml~ heavy t&oughout, the first portion
being the most intense and the balance de-
creasing with time. The total phenomenon
would thus tend toward the effect of a
shorter fallout. This is supported by moni-
tor data from other nuclear events, where
initially heavy fallout is reported to produce
a peak of air-borne radioactivity soon after
arrival, with the airborne activity level then
decreasing. The latter part of the fallout,
though still detectable as dust, may then
produce only a small fraction of the total
dose from material on the ground. Hence
the total dose may be estimated fairly ac-
curately by assuming a constant fallout to

have been complete in a much shorter
“effective” time.

The dose wdues ~iven in Table 1.1, based on
tilm badge, meter and monitor data, are con-
sistent with u constttnt filllout hypothesis of
about 12 hours effective time. * one exception
is made; the dose v:dues for ( lroup III ~~reabut
75 percent of the 12 hour fallout wdue, averaged
for 28.5 i~nd 34 hour exposures. This wns felt
to exrmess most accurately the :lveruge uir dose
recei~ed l~y personnel who spent roughly hrdf
tl~eir time inside structures where the dose rate
was htter fouml to be roughly l~atf that out-
doors. on the other islands such shielding Wus
not available.

Figllre 1.3, illustrates the cumulation of
r:ifliution dose NSa fllllctioll of time after ({eto-
nntiml. Tl~e (1OSS r:ite v:lried continuously.
Tlle mnjor portion of rtuliittio[l was received at

\ the I!izher dose twte lwevailil]g ill the early por-These dose values repre&t a variety of ‘ -
conditions, but. considering the shitdding I

tion of the exl)OsUre peri(xl. lly the time tlmt
,.. <,

and attenuation factors, are consistent with

‘i

N.7,-*$

the assumption that t}le dose outside during
*[.sijlKIU II{MIrNu(,tu;~llyresult+ itl VNIIIWwhl(’h :Ir[’

the first 28.5 hours after the beginning of
liiglwr than those IIf T:II)lP 1.1 IIY:{ to 11 r, ‘Ml)le 1.1
listitl~ the VIIIIWXmllvulntwl lwfIM’enll spWtrUm ~l:ltll

the fallout corresponded to about 12 hours WIS :lraihlldl~. Uilc*rt/tinty in :111the inf~rnluti~)ll is.
of constant fallout.

I
grtwter ttmn this LJi17wfwe, IShi(.hi+ wle~t~l
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90 percent of the dose had been received. the the dose fit the center of the body is approxi-
dose rate had fallen to less than -!o percent of mately 50 percent higher than would result
its initial value. Thus the dose rate also dif- from a given air dose with narrow beam geom-
fered from the usual constant rate in the etry. Figure 1A illustrates the depth dose
laboratory. curve from an experimental situation using

TIME AFTER H-MOUR (14R]

S’IOUEE 1.3-TA% accwwlatian of gamma dose au a function of timeafter
conmtenoenwnt of faUaut an Rage&p atoll.

L23 Geometry of the Exposure

In”-addition to the dose rate and energy dif-
ferences the geometry of the exposure to fall-
out radiation is significantly different from the
usual laboratory sources. Since fallout radia-
tion is delivered from a planar source the usual
narrow beam geometry is not applicable. In
such a diffuse 360° field, the decrease of dose
with depth in tissue is less pronounced than
that resulting from a bilateral exposure to an
X-ray beam because falloff from inverse square
is in etfect neutralized. For the same energy,

spherically oriented Coeo sources with a phan-
tom placed at their center, compared with a
conventional bilateral depth dose curve ob
tained with a single source (4). In the latter
case, the air does is usuully measured ut the
point subsequently occupied by the center of
the proximal surface of the patient or animal
with respect to the source. For the field CUSS*

iAII surfaces are “proximal,’” in the sense that
the air dose measured itnywhere h the space
subsequently occupied by the individual is the
same. It is this air dose which is measured
by a field instrument; it does not bear the same
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relationship to the surface dose and depth dose source!’ beam air doses with comparable bio-

:vsdoes the air dose measured in a “point source” logic effect are obtained:

beam in the clinic or laboratory. It would Rongelap, Group 1-------- 260 r
appear under these circumstances and in most .iilinginae, Group 11-------- 100 r
experimental conditions that the midline dose, Rongerilq Group III ------ 1X) r

. rather than dose measured in air, would be the Utirik, Group IV----------- 20 r

100 ●

s

l-u
2s 30 36

CM MASONITE

OEPTHDOSE DISTRIWmON IN CWJNORKW WANTOM, C& FACILITY,(NMR1)

FIOUXC1.4-CotnparimtI or depth dose curmx in momnite phantonM from
Waterd rwpmure to a aingk point murce, and aimultaneoua ezpoture to

mnltiple $ourcea with a apkrical diatnbution around the phantom.

better common parameter in terms of which to
predict biological effect. On this assumption,
the air dose values stated in Table 1.1 should be .
multiplied by approximately 1.5 in order to
compare their etkcts to those of a given air
dose from i~“point source” beam ~geometry de-
livered bilaterally. If this is done, assuming
a fallout of 12 hours, the following “point

281712O-W—-2

The geometry of rwdiation from a fallout field
is not identical either to the geometry of bi-
lateral point sources or spherically distributed
sources since the plane source delivers the raclin-

tion largely at a grazing angle. However, the
total Iield situation is better approximated by
solid thun by plane @ometrY. ExP@ure Pm-

etry in a radioactive cloud would be spherical.
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1.3 Superficial Doses of Radiation

From Beta and Soft Gamma

Radiation

THERECAN BE no doubt that the doses of radia-
tion to the surface and the first few millimeters
of the body were subetantiaily higher than the
mid-line dose of gamma radiation as a result of
physical considerations of gamma energy and
depth dose. In addition, the clinical observa-
tions of the skin lesions (see Chap. III) force-
fully demonstrated that the dose to the skin
varied considerably between individuals and
over the surface of any given individual. .4s
will become evident in the following discussions
of surface dose, it is obvious that any numbers
presented me. at best only estimates and repre-
sent an approximation of some minimal value.
In areas where lesions were severe the doses
must have been significantly higher than in non-
damaged areas.

To arrive at some physical estimate of the
skin dose, m attempt must be made to add up
the contributions of the high energy gamma,
the very soft gamma, and the higher energy beta
radiation from the large planar source in which
the individuals were of necessity existing.
However, as alluded to above and emphasized
in Chapter III, the largest component of skin
irradiation resulted from the spotty local de-
posits of fallout material on exposed surfaces
of the body. The dose from deposited material
is impossible to estimate; however, that from
the large planar source may be roughly esti-
mated a9 follows:

The beta dose rate in air 3 feet above the
surface of an infinite plane contaminated with
mixed 24 hour old fission products is estimated
to be about three times the total air gomma dose.
The mid-line gamma dose is approximately 60
percent of the air dose remaining ufter exclud-
ing that portion of the dose below 80 KV.
This portion in turn is estimated to be 40 per-
cent of the gumma dose measured in air by the
instrument. Thus the dose ut the surf~ce of u
phantom exposed to mixed fission product
radiation from an external plane source might

be expected to be 3/(0.6) (0.6) or about
the mid-line dose, if both are taken at 3
the ground. Such a depth dose measu
has in fuct been mmde experimentally nt a
ous test, using n phnntom man exposed
the initial and residual radiation (5).
depth dosea for each situation me sh
Figure 1.5, with all data m percent of the
meter dose. With the diverging initial
tion from the point of explosion, the ex

was seen to be 63 percent of the 3 cm. do
with the diifuse residual field of fission p
providing a semi-infinite planar. source,
face dose some 8 times greater than the 3 c
deeper dose from the harder gamma comp
was observed. This is seen to be of th

order of magnitude as that estimated
At heights above and below the 3 foot le
surface dose would become lower and
respectively, but since it is due to soft ra
of short range, it probably would not ex
times the 3 foot air gamma dose or 80 tim
midline dose, even in contact with the g
.In estimate of skin dose’due to ground co
nation for the Ron,gelap .ca= would res
example, in a figure of about 2,OOOrep
level of the doraum of the foot, 600 rep at
level and 300 rep at the head it continua
pomre wM. no .Aieldirtg occurred. T?n
variation in dose undoubted y resulted
shielding and movement. It thus seem
zble thut the external beta dose from loca
skin contamination far outweighed tha
the ground in importance, since the latt
not high enough to produce the observed
Clothing probably reduced the beta dos
the ground by 10 to 20 percent.

1.4 Summary

RADIATIOND(WS from ~mmmu rays origi
externally were calculated for tile 267 in
als who were itccidentiilly exposed to
following the nuclea”r detonation iit the
Proving Ground in the Spring of 1954

close estimations were mnde using inform
resulting from radiological Sitfety surv
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the /itolls, illl(l spectrometric itn(l rw.liochemienl
data. The :wtuul durntion of the rw.lionctivc
f:~llt)uts WNS not known, md the values for
length of exposure were subject to uncertainties
in the times ~lt wllicll tlie fullouts be~cin. .\
rxnge of possible whole body gummn doses
\~l15mlru]tlted, ;ll~d t]~e va]ues considered to I,e
most l)roh~ible we presented. I)iffuse geometry

from tile semi-illiinite I)lilIlilt’ sourve w:ts be-
lievetl to invrewe the biologiciil effect of the
whole txxly dose expressed ilS Wi nir dose, conl-
pwed in tile geonwtry of tile IlsutLlX-l”it~ ex-
posllre. Soft gmlmu :lIICII)etu r:diitti(m frol~i
filllOllt 011 tlie grould illl(l eSl)WiilllJ’ oli tlie

skin itself res~lltwl in w s~llwrtici:ll (lose whi{.11
\~its l~igh eIIOUglIto l) HI(l II(Y Iesif)lis. X() ([11:111-
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titative data were available on the betn rudin-
tion intensity from either the skin contamina-
tion or from the ground, but n rough estimate
of superficial dose from the latter was made.
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2.1 Introduction

WHEN THE ExrosED groups were first seen at
Kwajtdein after evacuation from their native
atolls. the amount of radiation they had re-
ceived was not known with certainty. It was
known, however, from instrument readings
taken at the sites of the fallout and from moni-
toring all individuals, ~hat a significant amount
of penetrating irradiation to the entire body
had been received and that extensive contamina-
tion of the skin and possible internal deposi-
tionof radioactive materials had occurred. The
nature of the irradiating mat.arial and the cir-
cumstances of exposure prevented a precise
evaluation of dosage (see introduction). Even
if the precise dose had been known it would
not have been possible to predict the biological
effects since the quantitative response of man
is not known. Accordingly, a complete medical
history and physical examination was obtained
on eaoh individual and numerous follow-up
examinations were carried out. In addition,
routine sick-call was held twice daily and in-
spection of the skin of all individuals was made
at frequent intervals. .Medical care was avail-
able at all times. Hospital facilities were avail-
able at the Kwajalein Naval Dispensary, and
support by the more extensive medical facilities
of the U. S. Pacific Fleet hud been promised
if needed.

From descriptions of the amount of fallout
material and from radioactivity measurements,
it was apparent that Group I ( Rongelap ) hnd
received the highest doses of radiation, Group
II ( Ailinginae) and Group 111 ( Americans)
an inte~ediate amount and Group IV ( Utirik )
the least. From physical dosimetry it was later
estimated that Group I had received approxi-
mately 175 r of gamma radiation; Group II,
69 r; Group 111, 78 r; and Group IV, 14 r.
The most serious clinicul and laboratory mani-
festations of irradiation appeared in Group I
and II. The only abnormalities thut could be
attributed with certainty to irradiation were

skin lesions, epilation, granukcytopenia and
thrombocytopenia. The skin lesions were first
observed between the 12th and lMh post-expo-
sure days. These lesions were most prevalent
in Groups I and II but were present to a slight
extent in Group III. Details of the skin symp-
toms and lesions and their treatment xre ie-
ported in Chapter 3. Details of hematologic
studies are presented in Chapter IV. Granu-
locytopenia and thrombocytopenia of marked
degree developed in many individuals of Groups
I and II and was of sufficient severity to war-
rant serious consideration of prophylactic and
therapeutic measures for potential sequclae of
bhese cellular deficiencies.

In view of the conflicting opiniolls about the
value of prophylactic and therapeutic measures
such as antibiotics and whole blood transfusions
in the treatment of rudiation disease ( 1-5), it
was decided that therapy would be instituted
only as indicated clinically for specific condi-
tions as they arose. In order to determine the
effect of the interred deposition of radioactive
material on the coume of the externally induced
radiation injury, it was necessary to determine
the degree of internal radioactive contamina-
tion. Details of the measurement of internal
deposition of radionuclides we considered in
Chapter V. It is sufficient to state here that the
contribution from the internally deposited
radionuclides to the total acute dose was
insignificant.

2.2 Symptoms and Signs Related to

Ridiation Injury

SEVERALSYMPIV)MST}tAT developed during the
first two days could be attributed to rndiation.
These symptoms were associated with the skin
and tl~egastrointestimd tract.

Itching and burning of t!~e skin occurred in
28 percent of Crroup I ( Rongelap ), 20 percent

15
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of Group II (Ailinginae), 5 percent of Group
111 ( .\mericans), i~nd none of Group IV
( Utirik). Three people in Group I und one
in Group II complained of itching and burning
of the eyes and lacrimation. These initial skin
and eye symptoms were most likely due tO ir-
radiation since all individuals who experienced
the initial symptoms later developed unques+
tioned mdiation induced skin lesions (epilation
i~nd conjunctivitis). (See Chapter 111. )
Furthermore the initial symptomatolo~ in
these people was similar to that reported m in-
stances of accidental laboratory overexpoeum
to radiation, described in Chapter III. It is
possible, however, that chemical irritation by
the fallout material, which was predominantly
highly alkaline calcium oxide, may have ac-
centuated the initial symptoms. .

.Oout two-thirds of Group I were nauseated
during the first 2 days and one-tenth vomited
and had diarrhen. One individual in Group
II was nauaented. In Groups III nnd IV there
were no gastrointestinal ( GI) symptoms. The
information concerning symptoms was obtained
by questioning through an interpreter by sev-
eral individuals. Despite the repeated interro-
~ntions and the inevitable suggestions of the
interrogators, the stories rem~ined consistent.
All GI symptoms subsided by the third day
without therapy and there was no recurrence.

The presence, severity, and duration of nau-
sew vomiting, and diarrhea me known to bear
a direct relationship to degree of exposure and
probability of the Movery (1, 2, 6), and it is
of note that the incidence of these symptoms
was correlated with the dow received and that
there were no gastrointestinal symptoms in
Group IV, the largest group, which received
only 14 r. G1 symptomatology may have been

due to direct injury of the G1 tract as obsuwved
in animals after whole body irradiation (7, 8 )

or may have been non-specific as is observed
following therapeutic radiation.

b“arious other clinical conditions, which were
encountered during the course of observation
of the exposed groups were not the results of
radiution exposure. The incidence md type of

disease seen, discussed below, were similar in
Nil exposure groups and in nonexposed indi-

viduals.

2.3 Clinical Observation and l%era~y

With Respect to Ekmatologid

Findings

2.31 Clini-1 Observation and Leukocym Caunts

BmwEw THE 33rd and 43rd post-exposure
days, 10 percent of the individuals in Group r
had an absolute .mnulocyte level of 1000 per
cubic millimeter or below. The lowest count ob-
served during this period was 700 granulocytes/
Inm.s During this interval the advisability of

giving prophylactic antibiotic therapy to

granulocytopenic individuals was carefully con-
sidered. However, prophylactic antibiotic

therapy was not institu~d for the following
reasons:

(1) All individuals were under continuous
medical observation so that infection would be
discovered in its earliest stag~.

(2) Premature administmtion of antibiotics
might have obscured medical indications for
treatment, and might also have lead to bhe de-
velopment of drug resistant organisms in in-
dividuals with n lowered resistance to infec-
tion.

(3) There wus no accurate knowledge of the
number of granulocyt~ required by man to pre-
vent infection with this type of gmnulwyti-
penis.

The observed situation was not strictly com-
parable to i~~anulaytosis with an aplustic
marrow as seen following known lethul doses of
raciiation. In the latter instance, gmnulocytee
fall rapidly with practically none in circula-
tion and no evidence of gmnulocyte regenera-
tion when infection occurs (6). In the pres-
ent group of individuals exposed to radiation,
most counts reached approximately one-fourth
the normal value, but the fall to that level was
gradual and the presence of immxtum granu-
Iocytes in the peripheral blood during the pe-
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riodof granulocytopenia was indicativeof some
,rr:lnu}ocvte regeneration.F

M’%ite-counts were repeated at 3 to 4 clay in-
terYals on all of the exposed individuals and
more frequently on those with tile lowest counts.
lndivicl~u~ls fvith symptoms or elevated tem-
peratures were treated only after an attempt to
establish a diagnosis was made, even if m pe-
riod of observation was necessary. During t!le
observation per; od. the patients were examined
at frequent intervals ancl the ternpe~ltures
checked every few hours.

Twenty-seven ii~dividuiils had total leukocyte
counts of 4000 or below or absolute neutrophile
counts of 2.5(Wor less at some time during the
pmiod of observittion. Of these 27, 13 de-
veloped symptoms of diseuse that required
evaluation for possible antibiotic therapy. The
13 instances in which it was necessary to con-
sicler the use of antibiotic therapy in neutro-
l)enic individuills are summarized below:

~i.g]lt Ileutropenic individuals hucl symtoms

of upper respiratory infection ( I-RX) char-
:~cterized I)y malaise, sore thront, nasal dis-
chitrge. und teml)enlt ures bet ween !)9 and 101.4°
F. The temperatures returned to normul
within 24 hours. Since the response of this
group to l-RI appeared identical with tlmt of
other individuals with l-RI without l~eutro-
penia, no special therapy was given.

Two individuals [ieveloped symptoms of
marke(l malaise. headache, ahdomi nal pain.
nausea :Lnd diilrrllell. Ilotll were children, one
:,ge ~, tile other uge ~. In both instances, the
s}:mptorns were out of proportion to tile physi-
c:[l findings, which were Ilegative excel)t for
evidence of Iieacl colds aml pliaryngeal injec-
tion.- The 7-year old child had an oral tempera-
ture of ltM6° F. when tirst seen and 4 lioIIrs

liiter, it was I(MO F. The two-year old child
had nn initial axillary temperature of 101.80 F.
which rose to 103..50 F. in -1 IMUI-S. ]Iotb were
t~iven;~w,()(~) units of pr~aine penicillin illtra -P
muscularly when the shwrp rise in temperature
occurred, and both were afebrile the following
day. .i secon(i injection of penicillin was given
:tt tl~is time. aud therapy was discontinued. In
spite of tile fil~t tl~i~ttile l~eutropl~iles remaine(l

(Iepressed in both cases long itfter the fever had
passed, both il~clividuals recovered and Ilad no
further illness. In Figure 2.1 the leukocyte and

platelet couuts of the 2-year old patient xnd tl~e
time of the occurrence of the febrile illness are
illustrated.

.\ olle-ye:~r-ol(l boy I)iid 1A ~ynlptorns of
mild (Il)per respiratory infectimi for seve~~~l
days ill~d Iviis brought to the rliliic IVllen he
develo[)ed il llilCkifl: wugll. When he was seenl
I]is axillary teml)erature Wm l(N).80 F. ~~e
l)itd signs of (-RI, there lvas plutryllgeal il\jec-
tion, i~lltl Illlnlerous course rllollcl~i were hear(d
tl~roughout the chest. -t dinglwsis of upper
res~)iratory infection witl~ a.ssmciated broncl]i -
tis was made it]ld tile child was given w single
illtrallluscular iujection of 200.O(N) Iinits pro-
cail~e pwlicillin. 01} tile following (lay his tem-
[)eratttre was !)9° F., no rates or rhouchi were
lleardt and lie recovered without further
treatment.

.i fio-year-o](l nmli cilme to the clinic com-
IJlailling of weakness, lwrvolwIwss, nlild itb-

d~lIlil)i~l Pilill itl)d shooting l~tlill ill the Upl)er
:Lllterior (jllest hilateraily of Sever:lt lIoIIrs (l IIra -

tiotl. 110 a[)l]eare(l ll~oderately ill. his tenllwr-
~lture IY:L5!)!).6° F., iltld tl)e OIIIJJ positive lJhysi-
L.:11tin(lil~g wm moderate tenderness ill tile right
Ilpper qundrant of tl~e iibd~l~lell. 1~.itllin a

1[)-liour ~wriod the temperature rose to 101.6°
F., followilig \vhich it fell graduil]ly to nor-
l~lill. The :ibdolllin~l tendertless colltil)lled for
24 I1(NI%i{ll(i tlleli gr:l~lllilll~ (lisill)[)e:l~e{l (lm--
ing tile silbsw{uent 2 (lays. .! telltilti~e di:lg-

nosis of cl~olef,ystitis .l~ilS !llitde. S0 sl)ecitic

tllerii~)y \vilSgiven. 11, Figlll.e ~.~ ]~is l~l~ite

biowl cell iL)ld [)liltelet (o~lnts ill relittion to the
;Il)[)e:tmllce of symptoms illW sliowll.

-\ fen~t~le::lge :)8, ilevelo~)e(l geuw:llized llrti-

(’:(1’iil. fever. :llld li~ii(lil(’11~. S0 (:tuse for the

(Irti(:iriit w:Is folltl(l :[t~(ltile syll~[)tol)ls subsided
witllil) S Imm-s withollt ;LIIythera[)y.

ill ill(livi(lti~lls i~i (;rou[)s I :IIJ(I[1 thilt re-
(.eived :Il]tibiotics nre Iiste{l ill T:dde 2.1. (M

the il)(livi(ltlitls tw:ttwl \~itli :~lltj~~ioti~s!(JI~lY
tile tilst. tl)ree receivwi it :lt N tillle \vllcll their
Ilelltropllile tv)llllt w;is I{)w. TIWW (vises :Ire
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Table 2.1—Patients Treated With Antibiotics

-~ I-1-;::,
with high temper-
ature.

2, 3 URI, severe, with 2 Penicillin
pharyngitis bnd
high temperature.

4, 5 Tooth extraction. ..- 1 Penicillin
6 Deep extensive 2 Penicillin

slough of epider-
mis of foot.

7 Inflamed tonsils 2 PenioiHin
with high temper-
ature and URI.

8 Rapid progressing 2 Penicillin
undermining im-
petigo.

9 Traumatic gangrene 7 Penicillin
of foot.

10 Cystitis ----------- -5 Gantrasin
11 Furuncle on buttock -2 Penicillin
12 Furuncle on fore- 1 Penicillin

head.

have evidence of a bacterial component wsoci-
ated with IIRI and antibiotics would have been
i,ndicnted had they not been irradiated. All
other individuals were not neutropenic at the
time of treatment and were given antibiotics
for specitic indications. There was no instance
in which it was considered necessary to give
prophylactic untibiotica for neutropeniu per w.

2.32 UinicaI Observations and Platelet Counxs
.-

All individuals with a platelet count of
100,000 or less were examined daily for evidence
of hemorrhage into the skin, mucous mem-
branes and retinne. t-rine w-as examined daily
for red cells ond lilbumin, and women were
questioned concerning excessive menstruation.
There was no evidence of any hemorr!mkm even
though 11 individuals reached platelet levels
between 35,000 and 65,000. Two women men-
struated when their platelet counts were 150,000
and 130,f)fX) respectively. Both menstruated

sever~l extrn days nnd thought thnt the bleed-
ing wns niore than usu Nibut l]ot wdllcient to
cause them concern.

2.33 Hematoctir Changes

In rddiation injury iin nnemin can be pro-
{Iuced by three phenomena: a. Partial or com-
plete suppression of erythropoi=is: b. Hem-
orrhage; c. Hemolysis. (9). The existence of
the latter is not universally accepted as a char-
iicteristic part of radiation injury. Since hem-
orrhagic phenomena were not observed a severe
unemin would hnve been expected only if
erythropoiesis were suppressed severely for a
long time. With complete suppression of
erythropoiesis and an unchanged life span of
the red cell one would expect a deficit of 0.83
percent per day since the human red blood cell

has a life span of approximately 120 days.
Nineteen individuals in Groups I and 11 had

hematocrits between 31 and 35 percent. Nine
of the 19 were chiklren, Nged 1 to 5 years and
wouid be expected to have a lower hematocrit
than normal adults; four were over 70 years of
age, in which age group u decreased hematocrit
is frequently present without obvious cause.
Two of the 19 had had menorrhagia prior to the
determination, two were 3 to 4 months preg-
nant and had not received supplementary iron,
and tw”o were young women. These hemnto-
crits could be ascribed to physiological varia-
tions rather than to the elfects of irradiation
on hematopoieeis. Supplementary iron wtis the

only therapy used for the mild nnemins ob-
served. Thus no detinite evidence of prolonged
erythropoietic suppression was observed even in
individuals who had received 175 r whole body
radiution.

2.4 An Epidemic of Upper Respira-
tory Infection Occurring During the
4th and 5ch Post-Exposure Weeks

lIETWEEN THE 27th a])d the 42nd post-ex-
posure diiys an epidemic of upper respiratory
disease ( [TRI ) occurred. The respiratory in-
fection consisted of modetwte malaise, pharyn-

*
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gitis with prominent lymphoid follicles, fever
of 99-100° F. during the first day, and a puru-
lent nasal and tracheal discharge for about 10
days. It was of interest to determine whether
the appeamnce of URI could be correlated with
the dose of radiation received or with changes
in the leukocyte count.

Fifty-eight percent of the individuals in
Group I and 56 percent of the individuals in
Group II developed URI. Seventy percent of
the affected individuals developed symptoms
between the 27th and 32nd post-exposure days,
,and the others developed symptoms in the sub-
sequent 2 weeks. Fifty-seven percent of the
affected individuals were observed to have an
upward trend in their leukocyte cmnte, the in-
crease being due primarily to granulocyt=
Since an increase in the mean granulocyte
count of the entire population occurred about
the 29th poatexpoeure day, it seemed pertinent
to determine whether in individual instances
the increase was related to the presence of
respiratory infection.

The relationship between the observed leuko-

cyte increase and the presence or absence of
upper respiratory symptoms in Groups I and
II is shown in Table 2.2. Seven of the 27 indi-
viduals that developed both URI and a leuko-
cyte increase developed the leukocyte increase
3 or more days before symptoms of URI ap-
peared. It is also of interest that the medical
personnel involved in the care and study of the

radiated individuals had an equal incidence and

Table 2.2—URI and Changez in Granul~a in
Groups 1 and 11

I ;i~tz
VtDUAld

l—>

URI; &in@anulmyW ------------- 27
URI; no rise in granulocytm ---------- ’20

No UR1; rice in grzntdocyws ---------- 16
No URI; no rise in granulocytm ------ - 19

saverity of respiratory infections. The inci-

dence and severity of respiratory infection in
Group IV, which had received only slight radia-
tion, was the same as that in Group I and II.
The appearance of URI, therefore, did not ap-
pear to be related to the dose of radiation or
to changes in leukocyte level.

2.5 Comprison of Die= Seen in
Groups I and II With Those in Group

Iv

THE DISEASESTHAT were seen during the pe-
ricxl of observation of Group I and 11, which
were exposed to the highest doses of radiation,
we listed in Table 2.3. None of the diaea= ap-
peared to be related to the effects of irradiation,
either directly or as a result of hematologic dis-
turbance. For compariwn, the diseases that
were seen during the period of observation of
Group IV, which received the lowest dose of

.

Table 2.3-D- That Were Observed in Groupz I and H

Fumncle ------------------------------ ;
Gum Abe---------------------------
C~lecystitti --------------------------- 1
T~nea --------------------------------- 1
Mittehchmerz ------------------- ------- 1
Generalized utiicaria ------------- .--.-.-
Erythema multi.forme ------------------- ]:
Mi@inehetiwhe-”---- .-.. -.. ----- ..-..{ 1

11Bmnchitti--- .------- .------------------, ~
Aphthous ulcer ofton@e -----------------
Spndylolisth~------------------------- ;

Imwtlgo----: --------------------------
T@thextr~~ons ----------------------- ~;

G=tmententw. -- T-. -. T-----------------
Upper recpwatory mfwtlons- ------------- 4;
Folliculm tonsilhtis-. . . ..-. ----- ”------- -
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radiation, are listed in Table 2.4. The high
incidence of gastrosnteritis in both groups was
probably due to bhe keeping of peridmble foods
unrefrigerated for long periods by the Mar-
shallese, and was not seen after this practice
was stopped. It would appear that w higher
percentage of the individuals in Groups I and
11 developed upper respiratory infections com-
pared to Group IV. However, all of the indi-
viduals in Groups I and 11 were questioned
concerning even mild symptoms of LTRI, where-
as only those of Group IV with severe symp-
toms of URI came to the clinic.

2.6 Changes in Weight as an Indicat-

ion of Disturbance in the Gen-

eral Metabolism

TIIE I_hDs WEI~MT of individuals in Groups I
tind 11 was followed routinely. Since they had
an unrestricted diet and all ate well, their
change in weight might be considered an indica-
tion of any disturbance in their over-all metab-
olism. The weight changes me summarized in

Tuble 2.5. It would be expected thut within
period of six weeks, most inciividuals below
years ancl lmrticularly those below 8 years WO
g;till sonle weight. The fact that most of th
lost weight may indicate that they received
dose of radiation sufficient to interfere with n
[[mi metabolism. In spite of their relatively
active life and hearty appetites many of
adults also lost weight which may indicate s
interference with their normal metabolis
There was little difference in observed wei
chnnges between Group I and Group II. It
peared that the difference in doses received
the two groups did not differentially affect t
body weight. Whether the observed losse
weight were related to radiation or to chan
in environment is not clear. Unfortunate
no satisfactory control existed to aid in
terpreting the 10SSof weight in Groups I and

2.7 The Effects on Pregnancy

FOUR WOMEN IN Group I were pregnant w
brought to Kwajalein. Two were in the
trimester, one in the second trimester, and on

Table 2.&Dieeases Observed in Group IV

I DICCASR

I
~tma~hnt~------ .------------- . ..-. -i
Epithelioma of ankle, with neerotic de-

genemtion---------------------------
Chronic bmnchitti----------------------
Furuncle----- .---. --------- .------ .-:-
Chronic bronchitis and bronchiec*ia -----
A%e~ofwle of fret -------------------
Carbuncle -----------------------------
Tmthextr=tion -----------------------
Fungua infection of gums and palate ------
Contusion, traumatic -------------------
G=t-nwritk -------------------------
Upper respiratory infections. - -----------
Arteriosclerotic heart diaeaae, decompen-

sawd ---------------------------- ----
Pyelonephritis ------------------------ -
Insect bite, with marked palpebral edema--I

4’ Chorioretinitti, unknown etiology ----------
Thrombophlebiti6, antecubital vein --------- ~

Ii Im~tigo----- .---- .--------------------, ”
1 ~ Dysmenorrhm --------------------------
1 Exfoliative dermatophytosti --------------
1 i, Ectropion, tight eye ---------------------
1 ~ ~thma. ------- .--------- _---. ----- .---l
1’ Benign hypertension with headache --------
1 Fungus infeotion, auditory canal. . . . . . . . . . .

1 I Trichomon= cystith--.. ----. ---. --------l
2 Tinea -------------------------------- -.1

ml Simple heti~he-- . .----- _---- .--------. /
15 Acute bronchitk ----------------------- -l

] Possible ruptured intervertebml disc.. -.. --l
1’ Fever of unknown origi n------------- . ..-1
1, Mongolian idiocy ..------- .--.. ----... --.:
1;

3
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Table 2.5—Weight Changes, GrOUPSI and II

AOECATEOOR1E9I
~BXWW 7 YtABS Bmow 16Y- ABOVt 16YXAM

GROUP I \

NumhrobeWti ------------------------------------------- 17 24 36
Numhrtht gdn4 weight ---------------------------------- 4 5 14
Ave~egti: (lb.) .-------- _------ ..--------: ---------------- 5 3 3.5

$pmtiof galnob.)------------- ----------------------------- o.y. o 0.5-10.0 1-11.5
Xumbertbt lost weight ------ ---------------------------- --- 19 21
Ave~l~(lb.)-.----------. ----------------------------- - 2 2 4

Spredof l- (lb.)------------- ----------------------------- 0.5:5.5 0.5-5.5 0.5-8

Percent of@upthst lwt weight ------------------------------ 80 58

GBOUP II
Numbro&N*---------_---- ---------------------------- - 7 ----- ------ - 9

Number that ginned weight--- ----------------------------- - -, 0 ----------- - 3

Ave~egain (lb.)-------------- ---------------------------- - ----------- ------------ -, 27

Spread ofgain (lb.)-:------------------------- -------------- --------i--- ------------ - -6
Number tlmtloet weight------- ----------------------------- . ----------- -
Average losa (lb.)-------------- ---------------------------- - 2 2----------- -{
Spm~ofl-(lb.)------------- ---------------------------- - 0.5-+ ----------- - 0.5-4.0
Percent of group tlmtloet weight- -- ------------------------- - 88 -------- --- - 67

thethirdt rimester. None of these women had Tab1e2.6.—BIood CounrsonPreg-t Individuals
abnormal symptoms refemible to pregnancy,
and as far as could be determined, pregnancy
continued in a normal fashion. In Group II,
onewoman wasinthesecond trimester. Noab-
normality wasdetected. Fetal movement.swere
unaffected in the individual in the third tri-
mester. l%ehematologic changes of thepreg-
nant women are listed in Table 2.6. Twoindi-
viduals in the first trimester had a marked de-
pression of platelets but at no time was there
any vaginal bleeding. So far, the exposure to
radiation has not had a deleterious effect on
pregnancy. Atthe12month reexamination all
of theabove women had delivered. One baby
wasborndead; the others were normal. ln the
case of the one still born, irradiation occurred
to the mother either before conception or early
in the first trimester.

2.8 Special Examination of Eyes

.\T 3 AND 6 .~ONTHS tin ophthalmologist ex-
~minedthee yesof allexposecl individuals (10).

in Groups I and 11

I —! I

I GROUP I
I I

I I
First... ----- ...--! 35.000 4,500! 3.000
First ..--. -------! 5U~ 5,00(! 2,500
Second-- .---.---] 150,000 4,0WI 3,000
Third-- .--------i 120,~ lQ~ ~ 7~M

. I
GROUPII

I
Second ----------- 170,000 7,0MI 3,200

No lesions wscriboMe to ionizing radiation were
seen. iit 12 months slit lamp examimitions and
photographic recordin~m of the cornea and lens
were made on nonexpoeed, and on the Rongehtp
people. The incidence of ocular lesions WNSnot
diiferent in tile two groups ( 11).
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2.9 Summary and Conclusions

THE CLINICAL FINDINGS in a population acci-
dentally irradiated by fallout material from a
nuclear device has been presented. The more
seriously irradiated individuals had initial
s-ymptoms of anomria, vomiting and diarrhea
which subsided without treatment within 2
days. The same individuals slowly developed
gmnulocytopnia and thrombocytopenia unas-

sociated with secondary complications. The
only other manifestations of radiation exposure
ob~rved were skin lesions and epilation, de-

scribed in detail in Chapter III. The incidence
of infectious and noninfectious disease in the
more severely exposed groups was no greater
than that in the least exposed group. If. after
irmdiation, the platelets and Ieukoc ytes fall in
a manner and to a degree similar to that ob-
served here, it can be predicted that no hemor-
rhage or increased susceptibility to diseases
similar to the= observed in this study will occur
and that no special prophylactic measures will
be indicated. The use of prophylactic meas-
ures, however, should be evaluated in terms of
existing conditions. With the degree of hemo-
poietic suppression observed there is a possi-
bility of increased susceptibility to more viru-
lent - pathogens
incident.

than were present in this

1.

9-.

3.

4.
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3.1 Introduction

FALLOUT OF RADIOACTIVE material commenced
approximately 4-6 houm after detonation of
the tliermonuclear device. on the most heavily
contaminated island, Ron@lnp, the fallout was
described as a powdery material, “snowlike;”
wi~icll fell over a period of several hours and
whitened the hair and mdhered to the skin.

Less striking follout described M “mist-like”
was observed on .\ilinginae and Rongerik.
Fallout wns not visible on b“tirih which was
contnminnted to only n mild degree. The ee-
verity of the skin manifestations was roughly
proportional to the amount of fallout observed.
The population of the four island groups nnd
incidence of the skin lesions were as follows:

3.2 Signs and Symptoms

I) USINO TJLE FIRST !2448 hours after exposure,
about 25 pement of the Mmshnllese in the two
higher exposure groups experienced itzhing and
i~ burning sensution of the skin. .l few also
complained of burning of the eyes with lachry-
mution. These symptoms were present to u
lesser extent in the Americans on Rongerik

.ltoll who were aware of the danger, took she~-
ter in aluminum buildings, bathed and changed
clothes. These precautions greatly reduced
the subsequent development of skin lesions in
this group. The people on Utirik, the farth-
est from the detonation, had no early skin symp-

GBOCP Cowoamos FALLOUtOmcsrco -JEXTCNSIVENZ8Y or SW LCSIONS AXD
ErILATIOM

—— ----- . ..-. —— - --——- -—— —.. —- —. ——-- —-——-————————

Rongelap -------- 64 Marshallese----------

1-

Heavy (snowlike) -----.-- Extensive.
Ah..ghae..-, ---- 18 Marshallese---------- Moderate (miatlike). . ..- exten..ive.
Rongenk --------- 23 White Americana ----- .Moderate (mistlike)... -- Slight.

5 Negro Americann.
Utirik ----------- 157 Marshalleae --------- None. ----------------- No skin lesions or epilation.

I

Evacuation of exposed personnel to Kwajti-
Iein, where medical facilities were available,
was accomplished one to two days after the
event. Decontamination of the skin was com-
menced aboard ship, und completed after ar-
rivnl at Kwajalein.

Skin examinations were carried out ulmoet
daily during the first 11 weeks und then ugttin at
6 months, 1 and ii?yeurs after the accident. Ex-
;~rninatious of unexposed .Irnericalw and native
personnel were also carried out for comparative
purposes. Color photographs and biopsies of
Iesious in various stages of developmelit were
tnken.

ton~s. -Ill skin symptoms subsided within 1
to 2 days. On arrivul of the medical team on
the ninth post-exposure day, the exposed per-
sonuel uppeared to be in good health. The
skin appeared normal. However, evidence of
cutaneous ~adiution injury- appeared ~~~ut ~
weeks tifter exposure when epilution and skin
lesions commenced. i3rythema of the skin was
not observed either during the em-ly eximlinti-
tions when a primury erytllema might be ex-
pected, or Iuter when a secondary erythema
might be expected.

.\fter subsidence of the initial skin symp-
toms, further symptoms referable to the skin

27



28 EFFECTS OF IONIZING RADIATION

were absent until the visible lesions developed.
Iluring the early stages of development of the
lesions, itching, burning and slight pain lvere
experienced with the more superficial lesions.
With deeper lesions pnin was more severe. The
deeper foot lesions were the most painful and
caused some of the people to wnlk on their
heels for several days during the ucute stnges.
Some of the more severe lesions of the neck
and nxilla were painful vrheu turning the head
or raising the arms. The lesions did not
produce any constitutional symptom%

3.3 Description of Skin Lesions*

3.31 Gross Appearance

The time of appearance and the severity of
the lesions varied wi@h the degree of skin con-
tamination in the different gmmps. The Ronge-
lap group, which showed greatest radioactive
contamination of the skin (according to instru-
ment readings) were the firat to develop lesions
nnd epilation at almut 12 to 14 days after the
accident. They also had the most severe lesions.
Skin lesions in the lesser exposed Ailinginne
nnd Rongerik groups developed approximately
one week after fhose in the Rongelap group, nnd
were less severe and extensive. The Utirik
group did not develop any lesions which could
be attributed to irradiation of the skin. The
incidence of ulcerating lesions in the different
groups ~flwt~ the m]ative Wverity of the skin

injury. Twenty percent of the Rongelnp people
developed ulcerative lesions while only five per-
cent-of the Ailinginae and none of the Rongerik
people developed ulcerative ‘lesions. Ninety
percent of the Rongelnp and .Ailinginae groups
developed lesions, compared to only forty per-
cent of the Rongerik group. There w’ere more
lesions per individual in the Rongelap group
than in the Ailinginae or Rongerik groups. .~
comparison of the incidence and time of appear-
ance of epilation and neck lesions in the two
groups is illustrated graphically in Figure 3.1.

* The desertptlon (If lesions refers to the Mumhallese
unless o(herwise indicated.

Nearly all of the lesions were spotty and cle-
veloped on exposed parts of the body not cov-
ered by clothing during the fallout. The ma-
jority of individuals developed multiple lesions
( pnrticulnrly the Rongelap group), most of
which fi.ere superficial. There was a difference
of severtd days in the latent period before de-
velopment of lesions on various skin areas. The
order of appearance was roughly ns follows:
scalp (with epilation ) ~ n~k~ a~illary region?
antecubital fossae, feet, arms, legs, and trunk.
Lesions on the flexor surfaces in general pre-
ceded those on the extensor surfaces. Tables
3.1 and 3.2 show incidence nccording to age imd
time of uppenrance of lesions in the various
groups.

In the early stages all lesions were character-
ized by hyperpigmented macules, papules, or
raised plaques. (Plate 1.) These frequently
were small, 1-2 mm. itre~s nt first, but tended tO
coalesce in n few days into larger lesions, with
a dry, leathery texture.

The pigmented stage of the superficial lesions
within several days was followed by dry, scnly
desquamation which proceeded from the cen-
ter part of the lesion outwnrd, leaving n pink
to white thinned epitheliums. As the desquamn-
tion proceeded outwnrd, a characteristic ap-
pearance of a centrxl depigmented area fringed
with an irregulnr hyperpigrnented zone was

seen ( Plntes 2 iind 3). Repigmentation began in
the centrnl area wnd sprend outwnrd over the
next few weeks lenving skin of relatively nor-

mal appearance. Plntes 3, 4, 11, and 12 show
superticitd lesions as they nppearsd initially and

six months later. The mildest manifestation of
skin injury wns the development of a blotchy
increused pigmentation of the skin with bnrely
perceptible desquamation. Such lesions were
most often noted on the face and trunk.

l?pihltion was usually accompanied by scalp
lesions ( Plntes 13, 17 and 19). Some indi-
viduuis developed new scalp lesions over a

period of about a month. Neck lesions usunlly

hnd a “necklace” distribution, beginning anteri-

orly and spreading posteriorly. These wer
more severe in women in whom thick hair
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Table 3. I.—Lesions in Roagelap Group

— \
I

Epilation
1 phls--------------- 7.6 3a. 4 13.8
2p1u8-------.------- 3S.6 30.7 ‘ 5.5
3plUs------.-_---_-- 53.8 23.0 8.3

TotrLI----------- 100.0 921 27.6

I

:217.2 ‘ 17
17.2 17
22o \ 16

56.2 ~ 16

Skin lesions
Anus-groin ----------

7

3a 4 0.0 0.0
scalp --------------- 100.0 100.0 37.0
Neek --------------- 69.2 76, 9 68.0
Axilla------.---.---- 61.5 7.6 15.7
Ant-ecubital Fossae--- 30.7 3a 4 34.2
Hsnds-wrists --------- 30.7 23.0 18.4
Feet ---------------- 23.0 5X 8 53.0
Arms--------------- 15.3 15.3 10.3
Legs---------------- 7.6 2X o 43
Trunk -------------- 15.3 23.0 4.3 I

Nail pigmentation ------ 61.5 10110 95.0
I

89.0
IT

●Peat-expoeure days.

7.8 / 17
625 ~ 18
70.3 21
23.4 21
34.4 28
21.8 i 33
45.3 ~ 28
12.5 \ 31
7.8 I 33
9.4 33

Table 3.2.—bsions in Ailinginae and Rongerik Group

I
I I RONOW*K(gE::~A)..SCAN&)

AILLNOIP4M OBOu? (18?sOPW

I 16.7 \ 27Eptition--------------------, 1 3. 5** 1 42

Leaione of:
~pandfam------------- 3s. 9 26 10.7 32
Neok and shoulders --------- 61.0 27 14.3 30
Bwk---------------------- 0.0 I .-24--- 7.1 28
m---------------..---- 222 3.5 23
Antecubit.al fossae ---------- 11.1 28 25.0 29
Hmd,wtit---------------- 5.6 38 3.5 47
Fret----------.----------- 16.7 33 3.5 43
b~--.------------------.l 5.6 44 0.0 ------

I

Nail discoloration- ----------- 77.7 38 17.9 40
(.AllNegroes)

1 \

●Days poet-exposure”
**One c- claimed slight epilation.
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touched the nape of the neck. Neck lesions are
illustrated in PIMe 1-4. .\xillary lesions ( Plute
11) usually consisted of coalescing papules.
Antecubital foam lesions were characterized by
formation of thickened plaques. Several

babies and one woman developed lesions in the
nnal region which, though not deep, were pain-
ful due to excoriation of the epidermis. Thee
healed rapidly.

Deeper lesions were seen on the scalp, neca
feet, and in one case on the ear. They were char-
acterized by transepidermal necrosis with wet
desquamation leaving weeping, crusting ulcera-
tions. Vesiculation was not observed except
with foot lesions which developed bullae, fre-
quent ly several centimeters in diameter, beneath
thickened pigmented plaques. These foot
lesions occurred on the dorsum of the feet and
between the toes. (Only one case showed des-
quamation on the soles of the feet.) After
several days the bullae ruptured and desqua-
mated leaving raw ulcers. Some of these

lesions, particularly of the feet, became second-
arily infected requiring antibiotics. However,
most of the lesions healed rapidly nnd new
epitheliums covered the ulcerated areas within
a week to 10 days. Foot lesions are illustrated
in Plates 5-10. One ear lesion (Plates 1.>16)
took several months to heal.

The repigmentation of some deeper lesions
presented abnormalities. Neck lesions own
developed a dusky, grayish brown pigmentation
associated with a thickened “orange peel” ap-
pearance. Histological appeamnce of epi-
dermal rugosity was also noted in these, lesions
(see section on histopathology). In addition,
the deeper lesions of the feet failed to rePig-
ment, remaining pink or white. At examina-
tion 6 months and 1 year after the exposure, the
skin appeared normal with no residual changes
in the vast majority of cases. However, some of
the deeper lesions continued to show evidence of
residual damage. Foremost among these was
the ear lesion which hnd healed with consider-
able scarring, atrophy, scaling of the epidermis
nnd gross tehmgiectasis. By 6 months the hy -
perpigmentation and thickening of the skin of
the neck lesions had greatly subsided and by 1

year pigmentation chimps were mild. Foot
lesions lutd not repigrnented at sites of deepest
involvement nnd some atrophy of the skin in
these areas wns apparent.

3.32 Microscopic Appearance

Biopsies were taken of seven neck, and one
axillag lesion in the Rongelap group during
the third to fourth week after exposure. .~t
the time of biopsy these lesions were in the hy -
perpigmented stage with little or no desquama-
tion. Most of the biopsies were taken from in-
dividuals with lesions of ~verage severity. A
second series of biopsies (repeats in three in-
dividuals) were taken from this group, 4 at
the seventh week and 5 at the eighth week post-
expoemre. These were taken from the neck and
antecubital foseae. All of these lesiom had

desquamated and the depigmented skin had re-
pigmented to a dusky, gray color with some
thickening of the skin (“omnge-peel” appear-
ance ), plates 25 and 27. Biopsies were not

taken from ulcerative lesions or from the feet
because of the danger of infection. .% third
series of 11 biopsies were taken f rom the Ronge-
lap group at 6 months along with several con-
trol biopsies from unexposed natives. Material
was obtained in many cases atijacent to sitee of
previous biopsies.

.\ll biopsy wounds healed rapidly within a
week to 10 cloys with no secondary complica-
tions.

The microscopic findings me summarized M
follows :

F;rst wn-ie~~d to hth week. .Eptieh.
Tran.sepidermal, damage was noted with a. few
intervening arcades showing less damage
(Plates 21 und 22). The epidermis in the most

exfimsively involved areas showed considerable
atrophy with flattening of the rete pegs and in
places the epidermis was reduced to a thickness
of 2 to 3 cells ( Plates 21, 23, and 24). The cells
of the mnlpighian layer showed pleomorphic
nuclei, pyknosis itnd cytoplasmic halos, giant
cells and in a few instnnc- multinucleuted cells.

A\
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Pyknosis of cells of the basal layer was com-
monly seen. Fecal disorgimization of the
malpigh ian and basal layers was usually pres-
ent in the more extensively damaged arcades
( Plate 23). Cells laden with pigment were
frequently present throughout the epidermis
and intercellular pigment was noted in some
sections. The stratum gmnulosum was usunlly
atrophic or even absent. Imperfect keratiniza -
tion with parakerntoeis was visible in all sec-
tions. The stratum corneum was loosely fibril-
lated and hyperkeratotic.

The arcades of minimal damage were usually
found in areas where sweat ducts approached
the epidermis (Plate iA2). There was au ap-
pnrent increase in the number of cells und mi-
totic figures along the neck of the ducts and
the adjoining areas where regeneration was
underway. In thesa areas the stratum granu-
loaum appeared almost normal in width. In
contrast to the more severely dnmaged areas
where pigment was increased, these arena of
minimal damage showed an nctual decrease,
being almost free of pigment.

~ermb. Changes in the dermis were con-
tined largely to the pars pnpilhmis and super-
ficial pars reticuhmis (Plates 21-24). Mild
edema in some cases were noted. Capillary
loops were often indistinct and when discern-
ible they frequently were associated with an
increased number of pericytee. The endo-
thelial cells showed swelling nnd were polygo-
nal in shape. Telangiectatic chnnges were
noted in these areas where the overlying epi-
dermis showed greatest damage which were
associated with perivascular lymphocytic in-
filttilion. Chromatophores, tilled with meia-
nin were prominent in the supe~ticinl dermis.
The fine elastic fibrils running into the pars pap-
illaris were often altered or absent.

Little if any dnmage wns seen below the
superficial pars reticularis. The hair foil icles
wem narrow and in most instances devoid of
shafts in this region. There wns some tehu~gi-
ectasis of the capillaries and slight mononu-
clear cell infiltration. .Some of the Inrge elns-
tic fibers in this region showed slight swelling

in some cases. Xo damnge to tibrocytes or col-
lilgell tihet% WIS noted.

Second xetie.q- 7th and 8th week.~ po*t-ex-
powwre. Epidernuk. In general, reparative
processes of the epidermis had proceeded, except
for u few persistent areas of atrophy with nar-
rowing of the epidermis and finger-like down-
gro~ths of the stratum rnR]p@ii ( Plate 27).

These changes occurred in areas of the greatest
nnrrowing of the stratum granulosurn. In such
areas the basal cells often showed increased pig-
ment. There were many outward epidermd
excrescences covered by thickened stratum cor-
neum, stiil loosely laminated (Plate 25), which
probably nccounted for the “orange-peel” ap-
pearance of the skin noted grossly. In almost
all instances the basal layer was intact with lit-
tle or no disorganization. There were a few
scattered areas in which occasional epithelial
cells with pyknotic nuclei and perinuclear cyto-
plusrnic htdos occurred in the mnlpighian layem
( Pla@ 26). There were occasional nrcades in
which the epidermis and particularly the
strntum granulosum tippeared to be widened.
Th- occurred primarily in relation to con-
t iguous sweat glund ducts where the latter pene-
trated the epidermis. .1 nnrrow zone of para-
keratosis and amorphous debris was still present
between the stratum granulosurn and the loosely
laminated stratum corneum. The stratum
Iucidum was not appnrent.

Dmn.i-a. The capillary loops in the dermal
papillae were not uniformly distinct. Peri-
cytes remained in increueed number but fewer
lymphocytes were present. Genernlly, there
wns a slight telangiectnsis of the capillaries in
the pars pa.pillaris nnd the superficial pars re-
ticulnris ( Plnte 27). There was some edemn
of the pnrs pnpillaris (Plate 25). Scattered
pigment-laden chromatophor~ were irregularly
distributed in the papillnry layer ( Plate 26).
In some cases hair shrifts in the superficial pars
reticuluris were narrow or absent: in others the
hair shafts appenred normnl. Smull hair fol-
licles ( Plnte 25) nnd sweat ducts in some rxses
snowed mild otrophy.
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Biopsies of three
taken from 2 of the

pigmented lesions were
white .$mericans of the

Rongerik group. Only 1 of 3 showed evidence
of damage, which wns slight mndcontined to the
epidermis.

Third wriedth month peat-ezpowme. Sec-
tions of skin at this time revealed some changes
persisting in the epidermis and to n lesser ex-
tent in the dermis (Plates 28 and 29).

E@ZCmM’x. The following changes were
found to varying degrees: focal atrophy of the
stratum granuloeum; slight focal pigmenttmy
disturbances in cells of the basal layer; slight to
moderate hyperkeratinization; and slight dis-
turbances in polarity of epithelial cells in the
still persistent basal papillary projections.

Dem&. In the dermis, telangiectasis super-
ficially persisted from a slight to moderate de-
gree in most of the sections, and contributed the
only abnormality noted.

3.33 Epilation and Nail Pigmentation

~~im. T’he incidence and time of appear-

ance of epilation in the various groups is illus-
trated in Tables 3.1 and 3.2, and Figure 3.1.
Epilation was first observed of the fourteenth
poet-exposure day in the Rongelap group, and
somewhat later in the other groups. It was of
a spotty nature and was confined almost entirely
to the head region. Epilation was divided
arbitrarily into 3 degrees of severity. “1+”
indicated 10ssof hair without obvious thinning;
+2+” indicated 10ss of hair sufficient to cause
thin spote; and “3+” indicated an extensive
epilation with bald spots. Table 1 illustrates
that them was n greater degree of epilation in
the ohildren (O to 15 years), with over 90 per-
cent developing epilation to some degree as
compared to only 28 percent in the older age
group. The preponderance of scalp lesions in
the areas of epilation indicated that radintion
from the fallout material on the skin was pri-
marily responsible for the epilution. Only three
cases of mild epilation developed in the
Ailinginae children, and questionable epilation

occurred in one of the Americans, chamcterized
by loose hair ~lpon combing but witliout arens
of alopecia.

Regrowth of hair in all individuals cwm-
menced some time during the third month iifter
exposure. .M the 6 months: examination com-
plete regrmvth of hair, normal in color, texture.
and abundance had taken phice. Plates 1,3-15,
17, 18, and 19 show epilation nnd regrotvth of
hair.

.Vm”i Pigmentation. .-h unusual observation
was the appearance of a bluish-brown pigmenti[-
tion of the fingyxnails which WNSfirst well tlocll-
mented on the i23rd poet-exposure d~y. l’he dis-
coloration began in the semilunar area of the
fingernails (to a lesser extent in the toenails),
and spread outward sometimes in streaks. .1s
the discolored area grew distally the semiluntir
area usuaily became clear. Plute 20 shows pig-
mented banda in the nails at 77 days. .~t six
months, pigmentation had grown OUt ‘ith
the nails, and w-us no longer evident except ill
three cases which still showed pigment at the
distal end of the nail. The pigment wtis on
the under side of the nail plate. Discoloration
of the nails was seen in n Iarge proportion of
the two higher exposure groups ( Tilbles 3.1 and
3.2 ). The phenomenon appeared to be a radiu-

tion response peculiar to the dark-skinned races
since it was seen in all of the exposed .lmerican
Xegroes tind none of the white Americans sup-
posedly receiving the same exposure. This
lesion was not observed in the Utirik people or
in u~exposed Marshall-. Since the nail pig-
mentation occurred in individuals without skin
lesions, it itppe~red to be the result of a more
penetrating gumma component of wliiltion.

3.4 Therapy

TiIE TREATMENT OF the skin lesions was
lwgely non-specific. .Most of the superticiul

le9ions were treated with calamine lotion with
one percent phenol, which in most cases re-
lieved the itching and burning. .1 few of the
l~yperpigrnented lesions not relieved by c:ila-
mine with phenol were treated with pontoc:line
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ointment, with apparent success. When the
epitheliums was desquamating, all lesions were
treated by daily washing with soap and w~wer
followed by the application of :t water soluble
vnnishing type ointment which kept the in-
jured skin soft and pliable. Raw areas, which
became secondarily infected, were cleimsed
with soap and aureomycin ointment was ap-
plied. Bullous lesions of the feet were left in-
tact ns long as no symptoms were present. If
painful, the fluid -was aspirated with sterile
technique and n pressure dressing applied. .l
single mspimtion was adquate since the bulltie
did not refill. In one instance, m extensive,
raw’, weeping ulcer developed for which peni-
cillin was given for two days. ,During this
time the lesion developed healthy granulation
tissue. Some of the lesions of the skin of the
foot remained thickened and 1sss pliable after
desquamation. This was relieved by the use
of vaseline or cocoa butter to soften the tis-
sues. The one persistent ear lesion did not
heal after desquamation. This was treuted
daily with warm tmric acid compr- and
wnshing with surgical soap to remove the
exhar. Slowly, regenerating epitheliums grew
in from the edges of the ulcer. L-pen reexam-
ination, 6 months after exposure, hetding was
complete with Q depigmented scar remaining
as evidence of the previous ulceration.

3.5 Factors Influencing Severity of

the Lesions

3.51 Chanutcr of the Fallout MateriaI

This material was composed mainly of cal-
cium oxide from the incinerated coral, with
adherent fission products. Fifty to eighty per-
cent of the beta rays emtmuting from this ma-
terial during the exposure period had an aver-
uge energy of about 100 kev. Since 80 mi-
crons of tissue produce9 50 percent attenuation
of such radiation ( I), a greuter portion of
energy was dissipated in the epidermis which
is roughly 40 to 70 microns in thickness. The
remaining 20 to 50 percent of the beta rays had
un averabw energy of approximately 600 kev.

The latter would penetrate well into the dermis
since it takes 800 microns of tissue to produce
.:>()percent ilttelluation of this energy mdiation

(1,2). In addition. a wide spectrum o
gnmmlt energies irraditited the skin. Th
gamma contribution to tl~e skill was smal

compmed to the beta dose nnd is discussed i
( ‘hapter I.

3.52 Dose COche Skin

The skin lesions observed resulted primarily
from beta rmliation from fallout material de
posited on the aki~ The gamma dose to th
skin was small compared to the beta dose, an
thus relatively unimportant in producing th
lesions. The summation of gamma tind bet
contributions to the skin is considered in Se
tion 1.8. In general it is evident that skin in
jury was largely produced by material in con
tact with the skin. The total surface dose can
not be calculated with accuracy but minima
and maximal values at various depths in th
skin can be estimated biologically. Hair fo
licles in the urens in which epilation occurred
must lmve received a dose in excess of th
known minimal epilating dose of about 400
for MO kvp X-ray. Since regrowth of hair o
curred, the upper limit of dose tit the depth
the hair follicle must not huve exceeded the pe
manent epilating dose of around 700 r of 2
kvp X-ray (3). From this a rough ide
of surface dose muy be made. .~ dose to th
hair follicles comparable to 400-700 r of X
radiation must have been due almost entirel
to the more penetrating beta component ( ave
;Lge energy, 600 kev ). Therefore, the minima
surface dose in rep from this component alon
wus prob~bly four to five times the dose at th
hair follicle. i. e., roughly 1,60W3,500 re
The soft component (average energy, 100 kev
contributed u considembly Iar=nr shure to t
surface dose b,ut with only slight penetmtion

3.53 Protective Factors

The following fuctors provided some prote
tion:

s
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a. Shdte?. Those individuals who remained
indoors or under the trees during the fallout
period developed less severe lesions.

b. Bathing. Small children who went vvad-
ing in the ocean developed fewer foot lesions.
J1ost of the .kmericans, who were more ~ware
of the danger of the fallout, took shelter in
:iluminurn buildings, bathed and changed
clothes and consequent y developed only very
mild beta lesions.

v. f?othingf. A single layer of cotton material
(Jtfered dmoet complete protection, as wss
(kw:onstrated by the fact that lesions developed
:1Imost entirely on the exposed parts of the body.

.J54 l%cams Fawring the Development of
bsions

& .4?W4 Of we /WOfU4e f.MT8@*.

Lesions were more numerous in areas where
perspiration is abundant such as the folds of the
1,eck, axil]ae, and antecubital fossne.

b. Delay in decontmninahbn. There was a
tMay of 1 or 2 days before satisfactory decon-
t:ullinnt ion wns possible. The prolonged con-
tact of radioactive materinls on the skin during
this period increased the dose to the skin.
However, the (lose rnte fell off rapidly and de-
contwnination would lmve imd to be prompt in
order to Ilil Ve Iwen mtxt effective.

c. Dt’flcu[t iP* in derontwnination. The thick
hair, anointed with a heavy coconut-oil dre=-
ing, resulted in heavy contamination. Decon-
tamination of the head was slower than for the
other parts of the body and may have enhanced
the development of epilation and scalp lesions.

.-

3.6 Lack of Correlation With Herna-

tological Findings

A-rrmmrsWzaE MADE to correlate the severity
. und extensiveness of skin lesions with hemato-

Iogic findings for individuals in the Rongelap
group. No positive correlation was found with
depression of any element. Thus, the contami-
nation of the skin apparently did not sig-
nificantly contribute to the total-body dose of
radiation.

3.7 Discussion

THERE HAS BEEN little previous experience
with radiation dermatitis resulting from ex-
posure to fallout muteriul from nuclear detonii-
tions, and tlie general consensus, until this event,
has been that the htizard from fallout materil~l
was negligible. From the present experience
it is evident that following detonation of a large
scale device close to the ground, serious ex-
posure of personnel with resulting rwliation
lesions of the skin muy occur from fallout
material, even at considerable distances from
the site of detonation. This incident is the tirst
example of large numbers of rucliation burns of
human beings produced by exposure to fall-
out material. With the Hiroshima and X’aga-
saki detonations fallout was not a problem since
the bombs were detonated high in the air. The
flash burns of the Japanese were due to ther-
mal radiation only.

Following the .$lamogordo atomic detona-
tion, a number of cattle grazing near the point
of detonation developed lesions on their backs
due to the deposit of fallout material (4). .\lso,
following a detonation at the Nevadu Test Site,
sixteen horses near the Test Site developed
lesions resulting from fallout deposit oti their
backs (5).

Knowlton et al (6) described burns of the
lumds of four individuals who were handling
fis3ion product materiul following detonation
of a nuclear device. These burns were due
largely to beta radiation. The gross lesions
of the handa occurred from an exposure of
about 1 hour, resulting in d= between :~1~~)
and 16,000 rep of beta radiation ( mtiximum en-
ergy about 1 ?&v) with a small gumma com-
ponent considered to be insignificant. The
lesions were described as developing in four
phases: ( 1) .in initial phase which began al-

most immediately after exposure and consisted
of an erythernu with tingling ~nd bNr~~iug Of

the hands, reaching u peuk in 48 hours and sub-
siding rapidly so thut by 3 to 5 days there wus
a relative absence of signs and symptom: (2)
.f second l)huse which occurred from ubollt tlw



36 EFFECTS OF IONIZING RADIATION

third to the sixth or eighth day, and wns char-
acterized by a more severe erythema: (:;) The
third phase nt 8 to 12 days, was chnrncteriz~d
by vesicle and bullae formation. The erythema
spread to new areas during the following 2
weeks, and the active process subaided by 24 to
32 days. The bullae dried up, and desquama-
tion and epitheiization took place in leas
severely damaged areas: (4) The fourth phase
or chronic stage was characterized by further
breakdown of skin with necrosis in areas which
were damaged sufficiently to compromi~ the
blood SUPPIY. Atrophy of the epidermis and
10SSof epithelial structures took place, which
necessitated skin grafting in some cases.

Robbins et aZ. (7) reported six cases accident-
ally exposed over much of their b&iiea to scat-
tered cathode rays from a 1200 kv primary
beam with exposure time of about 2 minutes
and a rough estimation of dose to the skin of
between 1000 and 2000 rep. The lesions de-
scribed were similar to those reported by
Knowlton et aL with a primary erythema de-
veloping within 36 houm; secondary erythema
with vesiculation and bullae formation ap--
pearing about 12 to 14 days later; and, in the
more severely affected, a tertiary phase char-
acterized by further breakdown of the skin.
In comparison with severe roentgen ray reac-
tions these investigators streeaed the unique
periodicity of cathode ray bums, relative ab-
sence of deep damage to the skin, less pain,
greater rapidity of healing, and absence of
pigmentation. These points would ripply to
the Marahalleee lesions except for the multi-
phaaic reactions and absence of pigmentation.
Crati-ford (8) reports a case of cathode ray
burns of the handa which were similar to those
described by Robbins et al.

Experimental betn radiation burns in hu-
man beings have been reported by Low-her
(!)) and Wirth and Raper ( 10). Both inves-
tigators used P discs applied to the flexor
surfnce of the arms, forearms, or thighs for
varying lengths of time. Low-Beer reported
.Lmonophasic” skin reactions. He found that a
cnlculnted dose of 143 rep to the first milli-
meter of skin, ignoring self -atmorption, pro-

duced a threshold erythema. Dry, scaly, des-

quamation was produced by 7200 rep in the
first millimeter and bullous, wet deaqunmation
WM produced by 17,000 rep to the tirst milli-
meter. Erythema developed in 3 to 4 days,
followed Ititer by pigmentation and desquama-
tion with higher doses. Recovery was ob-
served with doses of 17,000 rep. The lesions
inter showed depigmented centers with hyper-
pigmented edgee (also seen in the present
cases) .

Wirth and Raper (10) produced primary
erythema within 6 hours nfter exposure to u
dose of 635 to 1180 rep of P radiation. Mi-
nute vesicles with dry, spotty desquamation
were noted with 1180 rep at about the fifth to
sixth weeks poet-exposure.

Twenty-three Japnneses fishermen were ex
posed to the same fallout material which in
volved the Marshalleee and Americans. There
were many similarities in appearance of skin
lesions that developed. Pigmentation was als
common in the Japanese and some degree o
erythema was reported (11) which was not see
in the Marshallese. Distribution of lesions wa
not the same due to different parts of the body
being protected by clothing. For exampie, i
the Japanese scalp lesions nnd epilation wer
more common on the crown of the head sinc
handkerchiefs were usually worn around th
head leaving the crown exposed. Shoes pro
ttwted the feet of the tJnprmeae, but lesions o
the hands between thumb and index finger wer
common, apparently due to handling Contami
nated fishing Iin= Leaions with belt line dis
tribution occurred in the .Jnpanese fishermen
but not the Marshulleae. Similar mild lesion
were observed on several American sailors wh
were on shi& of the task force exposed to fall
out.. From available information. the severity
mid course of the lesions in the Japanese fisher
men Nppeared to be similar to those seen in th
Rongelap Mmahalleae group.

The lesions in this report did not follow
precisely the same course as those beta rndintion
lesions described by Knowlton, Robbhs, :m

others (8-10) and they presented certain uniqu
features which merit further discussion.
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The early symptoms of itching and burning
of the skin and eyes were probably due mainly to
skin irradiation from the fallout material.
However, the chemical nature of this mnterial
mny have contributed to the irritation. It has
been noted ( 12) that irritating chemicals ap-
plied during or shortly after irmdiation en-
Imnce the etiects of fidiation.

The lack of prominence of an erythema was
notable, particularly in view of the severity of
some of the lesions that developed. Wilhelmy
( 13) states that erythema only occurs when the
dose reaching the papillary layer exceeds a cer-
tain level. Perhaps due to the low energy of
the beta radiation the dose to the dermis was in-
sufficient to evoke the response. On the other
hand, the darkness of the skin and the develop-
ment of hyperpigmentation may have masked
ilIl erythema. Microscopically, a superficial
hyperemia was not prominent.

Wirth and Raper ( 10) point out that they
were impressed in their studies on P = radiation
of the human skin with the dit?iculty of distin-
guishing between true erythema and tunnin~r,
particularly in the skin of brunette individuals.
It was unfortunate that color filters were not
avtiilable to aid in distinguishing an erythem~
w suggested by Harris et aL (14).

111general, the length of the latent period
before development of lesions of the skin is con-
sidered to be roughly inversely proportional
to the dose of mdiation (15, 16). In the pres-
ent series of cases the relatively long Intent pe-
riod is suggestive of n low dose of mdiation.
Due to the wide spectrum of beta energies and
particulate distribution of radioactive rnnteriul,
strict comparisons cannot be made with pre-
vious experience. However, the later develop-
ment of less severe lesions in the .$ilinginne and
Rongerik groups as contmsted with earlier de-
velopment of more serious lesions in the Ronge-
lap group is in keeping with a lower skin dose
in the former, and a higher skin dose in the
latter. It is of interest, however, that the latent
period was dependent to some extent on
anatomical location. The foot lesions, w-hicll
were generally the most severe lesions en-
cwmtered, had II longer latent period thnn did

the ]ess severe ]esions occurring ekewhere (JIl

the body. It is logical to twsume tl~at the feet
received a higher dose of mdiation becnusc of
proximity to the ground nnd this mity explnill

the severity of these lesions. The longer Ilttell:
period (desipte higher dose of radintion ) may
be related to thickness of the epidermis, dif-
ferences in length of Iuitotic cycles or other
inherent. characteristics of skin in dilferent
ilrf?as of the body.

The histopxthologicnl changes noted, such as
destructive und atrophic chan~~s of the epi-
dermis, disturbances in keratmization, and
atrophy of hair follicles, when taken together
are consistent with rndiation injury to the skill
(9, 12, 17, 18, 19, und 20). Severe injury to
the dermis and blood vessels WM not observed.
The minimal dermal injury with severe epi-
dermal injury is in keeping with the large com-
ponent of low energy beta materitil present, re-
sulting in absorption of the ~meater portion of
the energy in the epidermis.

Hyperpigmentation of injured areas was a
consistent finding in the .M~lrshallese und the
.American Negroes. Pigmented lesiona were
Nleo observed to a lesser extent in the white
Americans. Such pronounced pigmentation is
uot characteristic of the usutil lesions M de-
scribed following exposure to beta or pene-
trating radiation, but may be more typical of
the response to ultrn soft roentgen or “Grenz
mys” (21).

There is no satisfactory explamltion for the
darker dusky-gray color that appenmed in some
of the skin leeions ns heuling progressed. Vns-
cular changes or pigpent aberrations might
have been responsible. The return to near nor-
null in this pigmentation by 6 months showed
the transient nhture of this rhange. The con-
til]ued ilbSSIIC@! of pigmentation tkt the site of

the deeper foot lesions at 6 months und 1 year
later suggests thut the pi~ment-producing ele-
mentsi in these areas were permanent Iy dnnl-
ilged.

‘1’he unique feuturss of the Iesiow such ilS

the marked pigrnentution, the absence of obvi-
ous multiphneic response, the long latent period.
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ilnd the severe, spotty epidermal injury with
minimal dermttl injury tire notuble. The par-
ticulate nature and uneven distribution of the
fnllout material was responsible for the spotty
nature of the lesions and, the hqzw componen:
of soft energy beta rttdiation wns responsible
for the grettter epidermal injury. The promi-
nence of pigmentary changes is probably re-
lated to race.* It is genendly conceded that
blondes with light pigment are more sensitive
to radiation thun brunettes ( 17). hutly it is
quite evident that sensitivity and response
varied with anatomic location.

In Table 3.3 are listed the approximate sur-
face skin doses required to produce recognizable
epidermnl injury from beta radiations in ani-

in compuring animal lesions from known dos
with lesions in the exposed individuals in th
study in order to est imttte the skin dose, sin
species differences in response may exist, im
certain radiation fnctms ore not well esta
lished, such as accurate knowledge of the be
spectrum of the fallout material and dose ra
Comparison with human data suifers from wi
differences in radiation energy and doses
ported and methods of determining the r
dose.

The low incidence of infection of the rad
tion burns is probably due to their superfici
nature. Ulceration and partial healing p
ceded the time of minlmttl granuloeyte coun
It is conceivable, howeverl thttt w_ith

Table 3.3.-Surface Dosee Required to Producx Recognimalde Epidermal Injury

\
INwszrlaAmn AmMN, Imrofz

Henshaw,etsl (22)-------- ‘ Rma---..--.- P=
Raper and Barnes (23) ------ Rats--- ..----, w
Rzper and Barnes (23) ------ Mice --------- P
Snider and Raper (24) ---.--l Mi~-----.---, W
Rzper and Barnes (23) ------- Rabbits-- . ..-i W
Lushbaugh (25) --. --. -...-., Sheep- . . . . . ..l 9P
Moritzand Henriques. (26)-., Pigs . . . . ----- W
.Nloritz and Henriques (26) -. Pigs-. . . . . -.-i C&
Moritz and Hennques (26). ., Pigs-. ------- @lT
Moritz and Henriques (26). -~ Pigs. ___ . . ...’ SP@
Moritz and Henriques (26) .- Pigs. . . . . . ..-. yu

LMoritzand Hennques (26). . Pigs- . . ------ ~ Y-
1

0.5 ‘ 1, 500-4, 000
0.5 ! 4,000
0.5 2,500
0.5 2,500
0.5 5, Ooo
0.3 2,500-5,000
0.05 : 20,000-30,000
0.01 4, 000-5, Ooo
0.2 2, CKW3,Ooo
0.3 1,500-2,000
0.5 [, 500-2,000
0.7 ‘ 1, 500-2,000

high

reals. It is amarent from the table that beta doeee of whole-body radiation, the defens. .
ray energy is of considerable importance in de-
termining the degree of injury. According to
Moritz and Henriquee, the difference in dose be-
tween that required to produce threshold skin
dama~ and that for permanent damage in pigs
is 500 to 1000 rep (26). one is not justified

● Reported clinical experience with radiation skin
lesions is bused predominantly on the reaponae of
white-skinned people, whereas the lesions dmritwd
herein were observed Imimtirily in the Mmahalleae,
a highly pigmented Pe@e,

:lgyi nst infect ion m&ht have been suilic ien
impttired to have resulted in serious complic
tions from skin lesions of the severity encou
tered.

Severe radiation injury is known to pred
pose to crower. ‘I’he probttbility of the develo
ment of mnlignunciea at the site of healed
sions is unknown. ( ‘ertain factors i~[)pett
decrease the probability: (a) The majority
the lesions were superficial. (b) Visible sig
of chronic radi~ttion dermatitis :lre absent
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the vast majority of cases. Such chtlnge have
been generally observed prior to the develop-
ment of radiation cancer. (c) The lack of any
marked histological damage 6 months after ex-
posure implies good repair. (d) Since low en-
ergy radiation was chiefly responsible for the
skin lesion% the prognosis appears better be-
cause none of 1,100 individuals exposed to low
voltage X-ray for dermatdogical conditions
developed epidermoid carcinoma 5 to 23 years
after treatment (27). (e) Furthermore epi-
theliomata rarely develop after a single dose
of radiation to the skin ( 1!2). (f) Lastly the
incidence of skin cancer in Negroes is one-sixth
to one-ninth the incidence in Caucasians (28)
in the United Statee.

Other factors make the outlook lees ~favor-
able: (w) Deeper lesions of the feet and neck
continued to show pigment aberrations and
slight atrophy at 1 year, and one severe ear
lesion showed marked atrophy and scarring
at this time. (b) It is not known whether or
not radiation of the epidermis per ~e can predis-
pose to malignant change. Since the epidermis
was heavily irradiated in thes cases, compared
to the dermis, this becomes an important con-
sideration. (c) Since many children and
young adults were involved, the life expectancy
of a htrgs number of the individuals will excmd
the long induction period for the development
of radiation cancer observed in radiologists.
(d) Exposure to tropical sunlight, potentially
carcinogenic in itself, may incnmse the proba-
bility of neoplastic change. (e) The influence
of the sublethal whole-body exposure received
by these” people on induction of skin cancer is
not known.

The occurrence of epilation 2 to 3 weeks after
exposure corresponds roughly to the time of
appearance of epilation in the ,Japanese exposed
to gamma radiation at Hiroshima and Nagasaki
(29, 30). Since the greatir amount of epila-
tion occurred over a period of a week to 10 days
there was apparently no phasic response de-
pendent on the ~owth c$cle of the follicles (in-
active, or telogen and active, or anagen follicles)
as has been reported (31, 32).

The regrowth of hair, beginning about 9
weeks after exposure in the .Mnrshallese, was
at about the same time as noted in the Japanese
fisherman (11 ), and slightly later than the time
of regrowth (6 to 8 weeks) noted in the Japa-
nese bomb casualties In contrast to the
marked pigmentation changes noted in the
irradiated skin of the Marshake, there were
no pigment aberrations in the new hair, which
was observed to be of normal texture and abun-
dance at 6 months. Increased graying has been
reported in animals (33-36) but haa not been
seen in human beings. Neither was there any
appearance of dark hair in aged individuals
who already had gray hair as has been reported
in human beings (32, 37, and 38). In the Japa-
nese bomb casualties (30) and the Japanese
fishermen ( 11) the new hair was also normal in
color, texture, and abundance.

The nature of the bluish-brown transverse
bands of pigmentation that developed beneath
the nails is not known. Since it occund in
the majority of the more heavily exposed Mar-
shidlese groups and in all 5 of the American
Negroe~ but none of the white Americans, it
sppeared to be a mponse peculiar to dark-
skinned races. The phenomenon was appar-
ently produced by gamma radiation with a dos-
age as low as 75 r since this was the estimated
dose that the American Negroes received in the
absence of significant contamination of the
hands. Sutton (39) haa reported a case of simi-
lar fingernail pigmentation which developed in
n negress, following 150 r of soft X-irradiation
to the handa

3.8 Summary

FOLILIWINGTHE DETONATIONof a thermonuclear
device significant amounts of visible radioactive
m~teriid were deposited on inhabited atcdls pro-
ducing skin lesions, whole-body radiation in-
jury and some internal deposition of radionu -
elides. The skin lesions in the more heavily
cent nminated groups were characterized by
itching and burning of the skin for 24-48 hours.
Epilution and skin lesions were observed, be-
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ginning approximately 2 to 3 weeks after ex-

posure, ON skill areas contaminated with fzll-
out. Illuish-brown pigmentation of the tinger-
nnils was itlso a common tinding. ~“o primitry
or secondary erytherna was observed and con-
sistently the tirstevidence of skin damiige WM
incremed pigmentnt ion in the form of dnrk
brown to blnck mncules, papules, and raistxl
plaques. The lesions developed largely on the
exposed parts of the body not protected by
clothing+ and occurred usunlly in the following
order: smdp ( with epilation ), neck, axillae.
antecubitnl fossae, feet, limbs, and trunk. Epi-
lation nnd lesions of the scalp, neck, and foot
(dorsal surface) were the most common. The
majority of lesions were superficial without
vesicle formation, nnd after simple dry desqua-
mntion healed and repigmented. ‘ .$pproxi-
mately 20 percent of the people in the highest
exposure group developed deeper lesions, usu-
ally occurring on the feet or neck and charac-
terized by wet deequamation with ulceration.
Mild burning, itching, and pain accompanied
the lesions. The majo&.y healed rapidly with
non-specific thernpy. Residual pigment aber-
rations consisting of hyperpigrnentation and
lack of repigmentation nnd mild ittrophic
chnngss were noted in some deeper he&d lesions
at six months and one year. Regrowth of hair,
normnl in color and texture, began about!) weeks
post-exposure and was complete at 6 months.
Biopsies of typical lesions at 3 to 6 weeks showed
changes consistent with radiation damage with
marked epidermal damage and much less severe
dermal damage. Biopsies at 6 months showed
only n few residunl changes. The mil discolora-
tion had “=~wn out” completely nt 6 months in
n]]

1.

‘j.

but..a f&v individuals. - -
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4.0 Introduction

FOLLOWXNCJTHE D-NATION of u nuclear device
at the Pacific Proving Ground in the Spring of
1954, 28 .hnericans and 239 ?vfarshcdless were
exposed to fallout radiations. Sixty-four of
the Marehnllese on Rongelnp atoll (Group 1)
received an estimated 175 r. of gammn radiation
as measured in nir; 18 Mmahailese on .kiling-

inae ntoll (Group 11) received 69 r.: 28 .%meri-
cans on Rongerik atoll (Group 111) received 78
r.: and 157 Nfarshalleee on U-tirik nloll (Group

IV) received 14 r. Detailed history of the

event, M well as clinical nnd internal contamina-
tion findings are reported respectively in Chap-
ters I, II and V. This chapter presents the

hemntological findings in the exposed individ-
uals during the first 11 weeks, at 6 months, and
at 12 months nfter exposure.

Since it is generally ngreed that the degree

of change in the formed elements of the blood
is the most useful clinical index of the severity
of radiation dnmnge, peripheral blood changes
were relied upon ns n major nid in evaluating
the degree of rndiation injury in each exposed
individual. In nddition, changes in the mean
blood counts of the exposed groups were fol-
lowed closely to aid in evaluating the changing
status and probable prognosis of the exposed
=Woups. Therefore, emphasis was plnced on
standardized systematic serial determinations
in order that individual nnd group trends could
be evnltiMed adequately. Since it was neces-
sary to observe the lnrge number of exposed
individuals at frequent intervals, the number
of different procedures thnt could be done was
necessarily limited. Determinations employed
were chosen on the bnsis of known clinicnl value,
nncl ease nnd rnpiclity with which they could be
done relinbly under field Morntory conditions.
.Iccorclingly congulntion and biochemical
stuclies were omitted.

.in extensive Iiternture exists cm the hema-
to]ogic etfects of rdintion. Th~e d~ltn, :~nd the

difficulties nttenclnnt on comparing them with
the present results are discussed later in this
report.

4.1 Methods

I{EIIATOLCXXALWiMIN.\TIOXS IXCLrDED totnl
leukocyte, neutrophile, lymphocyte nncl plate-
let counts, IIncl hemntocrit cleterminations.
ll%enever possible, MI entire exposure group
wns studied in it single clny with 2 clays oc-
casionally required to complete the lnrger
groups.

Cupillnry ldood, usunlly obtnined from the
finger and rmwly from the heel or ear was used.
Two pipettes were tilled for both the leukocyte
nncl plutelet counts. From ench pipette z

single henmcytometer chamber was tilled. ill
pipettes were rotated for 10 minutes, iind the
cells were :~llowed to settle for 10 minutes in the
hemocytometer chamber before rounting. .~ 3
percent ncetic :wicl diluting fluid was used for
totnl leukoevte counts. The blood was ciiluted.
with 1 percent xnimoniurn oxali~te for plntelet
counts nld counted ill flat bottom hemocytom-
eters ~wing i~ clnrk phnse contrnst microscope
( 1). Two I]loocl smears were mncle using :~
beveled end glass slide for sprencling. one
l~iood smenr was fixed in met l~yl N1co11o1. The
other WM stnined by Wright’s method, from
which n lIK) cell ditferei~tial count wns made.
Hemntocrits were performed using hepttrinized
cupillnry tubes: one end of the capillnry [~lbe

wns heat setiled nncl the tllbe wits rentrif uged in
N mpillnry centrifuge ilt 12,5(~ rpm for 5
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-were sufficient in number to allow all snmples
to be taken in rapid succession, and time inter-
VXISwere rigidly controlled.

4.2 Methods of Treating Data,

Control Groups

PRE-llXPOSURZBLOODcounts were not available
on the exposed Xfarshalless or .imericnns:
hence the individuals could not be used as their
own controls. In order to estimate the severity
of the hernntologic response it wns neceam ry to
establish control groups ns comparable as pos-
sible with respect to age, race, sex, bnckg-round
and habits. .L control group of 115 .Varshal-
Iese from .Jfajuro atoll ( C’ont rol Group .i ),
comparable with respect to age and sex to ex-
posure Group I was obtained during the initinl
observation period. * Fou comparison with the
exposed .%mericnns, blood counts were done on
npprosimately 85 American men on duty at
Kwnjalein. All who had not been on duty in
the tropics for more than 2 months were ex-
cluded, since the exposed Arnericnns hnd been
in the area for that period of time hefore ex-
posure. In addition, several who were recently
associated with radioactive materials were ex-
cluded. The resulting smaller group of 67 was
used as the Kwn j -American control group.

Data from the control group A were ex-
nminecl to determine the age nnd sex dependency
of the severnl hemntologicnl determinut.ions.
To obtnin vnlid compwisons within and among
the various exposure groups, t!~e nge and sex
depen{lencies notwl for the control groups were,

taken into account. -llthougll ench individual

in all groups was studied hematologicnlly, those
Jltmshallese with serious long-stnnding diseases
were omitted from the unulysis. .i total of two

●A seeond control gronp of 82 Marshallese from
.Vajuro ntoll (control Group R ) were obtained during
the ti month medieni resurvey. While data from these
individuals are given in this report, they nre not used
for comparisons because of a measleg epidemic (Iurintz
the re9urvey.

from Group .i and two from control Grou
were omitted on this basis.

11} the following descriptions and Comp
sons of the data, findings in the exposed gro
ilre frequently expressed ill terms of percen
the tlppropriate age and sex control group.
should be noted, however, that in observatio
studies of this kind, unknown foctor~ P
pow+ihly account/or part of the difiermee.q n
?wtm=en the controj and Pzj)o.wt re q roups
thw(~h ((?J I>o.wib)e memm rp~ were trrken t
~~(+~ompmvrb?e control growpR. In :~(lditio
was not possible to oht nin nlore than n si
t,]om] sump]e on eac]i controi ill(livi~luul.

these rensons, statistical tests of significa
were npplied mainly to time chnnges within

exposure group, nnd not to (Iiflerences bet
control nnd exposure groups. For the pur
of detecting significant cl)nnges in the hem
]ogical pattern, nonpnrnmetritt tests (i. e., st
tical tests for which it is not Ilemssnry to spe
the functional (Distribution of the varinte ll
study) were used (2-7). The xdvnntages
nollptirnmetric methods hnve been summ:u
by MOR4?S(8].

4.3 Hematological Findings, Gene

IN T.\tN.E4.1 :lre slmwn for control group .
age ~lndsex, t[le nletill vtllll~~.Sfor tiletOtitlwl

neutrophiie, lyn~phocyte :lml pl:ltelet count
well as for the hematcwrit. The age nnd
brenkdown used for cmnl}~lrisons tirnong
posure groups is showl in’ Tilble Q. Ill
hrenkdown the age ancl sex dependencies n
for the .Marshalless cotltrol groups were t
into itcco[int insofar ns was practicable.
shollld be notedthntthe (lroup 13control w
(Tilbk 4.1) :tgreed closely with the Grou
control data. To allow ~tdditional compar

between effects on children nnd adults, the
trophi[e cmlnts were arbitrarily sepurnted
the nge grotllx? used for the lymphocyte cou
.llonocytes Nnd eosi no~)hiles were broken d
Niso into the same age groups. Tile age
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Table 4. 1.—Hematological Results, Marslzallese Control Groups

I iNo.or IN DIVIDUAU I wBC
I .Vxu’?cormrx Lrx?~cc?m I PLATELET i HEIIAWXRI?1
I—, ,—

.4GE
GROUP A/OROUP ~B~O&OUP.4 GROUP B M3:#PFA
lMF]M F MF

-— ..— — i—

<5 ~ 1:1: ;:
I

13.91281 122 8.814.3 4.s
6-1o 11,8 9.61 120 9.3 5.5 3.*

11-15 13 2 4 ~ .. . . . . . . . . . . . . . -----
11-20 . . . . . . ..-.. - ! 10.8 .9.9I 9.6 9.3 .5.1 4.6
16-X2 53 \35 . . . . . . . . . . . . . . .. . . . .
2140 17 10 57 .S.91O.6I 7..5 9.814.3 5.S

31+ l;,; 24 7.9 9.3:14.4129 3.8 4.7
41-50
>al ,0 +~; :IW:+W

.—
—;— 1—-–16.4 4.01S.4 6.6 5.0 4.3142233.9135.031.7

6.6 5.2! 5.1 5. 114.3 3.9/ 39.73S,713S.036.2

.------ -----
5.6 5.2 4.? 3.8
...... I ------
4.3 5.6 3.S 4.2
7,6 7.9 3.3 4.1
4.6 3.0 3,6 4.0
4.9 4.6 3.5 4.2

II3s.537.4 35.937.0
41,239.213S.537.7

...... 2S.03S.3’i4.523.7,420423 \M.OW.2
3.4 3.4 ------- -------, ....... I --------
...... ,27.643.3 37.032.6148.438.7;42.33U.2
3.3 3.7 22624.2! U.4S.3! M.9S,9146.2M. k
6.2 4.4 23.029.2126.5M.0147.241.2146.042.5
3.7 3.6121.335.4 27.423.5~4Z341.81 U. 1420
3.6 3.930.2322 23.3276143.741.7:w641.O

sex dependency of these endpoints are com-
parable to tlmt in published data (9.10), with
the exception of the platelets, on which previous
comparable datt~ were not avuilable.

Total hmkocyte, neutrophile, lymphocyte,
monocyte, platelet und eoeinophile counts for
the several exposure groups me given by day,
by sex and iige in Ttibles 4.2 to 4.5. The total
white count, neutrophile, lymphoctyta and
phttelet counts at the times of maximum depres-
sion ( xveraged over the time during which
counts were consistently the lowest) are shown
in Tables 4.6 and 4.7 for each individual in
Groups I and II respectively. Hematocrits for
itll exposure groups are shown in Table 4.8.
Hemntological findings as a function of time
and age are shown also in Figures 4.1 to 4.8.
The cumulative distribution curves for the
various exposure group% using the average of
counts obtained over the period of maximum
depression (days 39 to .51 for leukocy@; days
26 to 3(I for platelets) are shown in Figures 4.9
to 4.12. * ln the figures emphasis is placed on
the sepiwate blood elements rnther than on the
t~til1 Iellkocyte count, since the component ele-
ments have distinct und clitferent time trends
iifter irrudintion.

.
● In {;r(mp IV the wmulatire (Iistrihution curve for

plutdet mmntx only is Iwesented since hemntol(@ct21

(leterminati(~ns in this Kroup \vere not IIInde {luring the

:{!) t(~ .71 {lUY perif~(l, II*A for lwkocyte eomlmrisons

:Im(J!lK the other gr(jlllw.

4.31 Hematological Findings, Group I. Ron-

gelap

‘Ile nhsolute neutrophile count of both the
youtiger :lnd older age groups fell (luring the
second week to a value approximately 70 to 80
percent of that of the controls (see Fig. 4.1).

7 I I 1 I I 1, (

t ,

‘o S1624

FOllOwilig tile (lel)ressioll of the total neutro-
l)hile wl]l~t (luring the tind week, the values

were {lllShllJh3 (~rlttl the 5th week. .lt this time

the lwginllil~g of N second [Irop (p<tl.t)l) was
]mte{l for I)t)tli ilge groups, :Lnii :~ low v:llue df
:Il)proxiltultely .50 perceilt, of ~.f)[ltrols \r:ls
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reached. The count was maintained at ap-
proximately 75 percent of control values from
the 7tl~ week to the end of the initinl study.
No further recovery was evident at 6 months.
Although both age groups followed the s~me
genernl time pattern of response, the lower age
~-oup was below that of the older throughout
most of the observation period. .it 12 months
the grnnulocytes hnd returned to the control
range.

The nbsolute lymphocyte count of the older
age group (Fig. 4.2) lmd fallen by the 3d day
to a vnlue npproximntely 55 percent of the
control group. This value was mnintnined
throughout the study, and there was no definite
evidence of nn upward trend cluring the initiaI
or 6 month studies. .it 12 months, complete
recovery had not occurred. The vnlues for the
younger nge group likewise fell before the 3d
dny ton vnlue i~pproximntely !25 percent of the
control, following which there wns a significant
upward trend. l~ith the total lymphocyte
count, there is n consistent ditlerence betm”een
the two nge groups. However, during the first
4 weeks the difference is mccentunted when ex-

pressed as percent decrense bemuse of the rela-
tively high lymphocyte levels in the lower nge
control group. .\fter this period the differences
expressed us percent are less mnrked since re-

Pw’faKsiRE DAY

covery wns more rapid in the younger age
group.

The cellular elements chiefly responsible for
the fluctuations in total white blood cell count
cnn be determined by comparing the totnl white,
neutrophile and lymphocyte counts (Fig. 4.3).
It is seen thnt the lymphocyte count remnined
essentially constunt throughout the period of
study, while the total neutrophile count fluctu-
ated with it pattern essentially identical to that
of the total white blood count (coefficient of
correlation of O.O). Thus the fluctuations in

tot~ll {mint wew d~le to vhnnges in the neutro-
phi]e count. This was true of both the older

ml younswr age groups. It can be se& from

T:lble 4.ii that the neutrophile count w.ns con-
sistently grwter thwn tile lymphocyte count in

the older age group. In the younger groups,

differences in the neutrophi]e illi(l lymphocyte
count were less marked iii~d frequently the
lym[)]mcyte count, W;Wgreater tlltin the nelltro-
phile count.

I%telets were first counted 10 di!J’S nfter ex-
pm+ire. xt which time l)l:ltelet valltes of tile

femilles were :lpproximately ~(~ percent of the
:~l)prol)riiltecontrol group ( Fig. 4.4). J?ollow -
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Table 4.2.-Group I Rongelap Mean Blood Counts by Day ~d by A&

P E. DA?
W. B.C. N xyFJlnM LYM(&~;TZS I PL.&ln;m MO&)cY)m I Eyo?#.xs

(x 10J) I

I

<S >5 <5 >5 <5 >8 <lo >10 A:+
(M) (M)

3----------------- 9.0 8.2 6.4 47 1.8 22 ---- ---- ---- :;:: 1;, :;
7----------------- 4-9 6.2 --- --- --- --- ---- ---- ---- --- --- --- ---
1o---------------- 6.6 7.1 3.5 4.5 26 2.1 28.2 227 221 29 1.7 1.6 1.6
12---------------- 5.9 6.3 3.5 3.9 21 1.7 ---- ---- ---- 4.2 5.4 1.9 1.9
lo---------------- 5.9 6.5 3.2 4.1 24 1.9 27.1 2L3 21.7 3.0 23 1.1 1.3’
18---------------- 6.7 7.2 3.4 47 24 21 21.8 19.1 21.8 27 1.7 \ 3.5 1.6
22---------------- 7.0 7.4 43 5.0 26 21 16.8 14.6 15.2 1.9 2.01 23 1.8
26---------------- 5.7 6.1 3.0 3.9 23 1.8 13.2 129 10.9 1.9 1.6 1.8 1.3
30---------------- 7.6 7.8 4.0 5.3 3.2 21 14.1 123 11.8 1.5 0.9 , 3.4 2.2
33---------------- 6.5 6.2 3.1 3.8 3.2 20 17.9 16.6 15.1 1.7 1.6 26 22
39---------------- 5.7 5.5 3.0 3.3 26 20 25.5 220 224 0.9 0.9 0.5 Lo
43---------------- ‘ 5.2 5.2 20 26 29 23 26.8 20.9 23.2 1.1 1.1 1.4 0.8
47---------------- 5.9 5.8 26 3.3 3.1 24 246 20.6 229 1.0 1.0 1.1 0.5
51---------------- 6.7 5.6 26 3.5 3.4 21 221 17.5 21.2 25 1.6 0.8 0.7
56---------------- 7.0 6.0 3.5 3.5 3.7 24 ---- ---- ---- L7 1.2 --- ---
63---------------- 7.7 6.0 3.9 3.6 3.7 23 23.1 18.2 20.2 0.5 0.9 0.3 0.6
70---------------- 7.6 6.5 3.8 4-0 3.3 22 ---- ---- ---- --- --- 3.4 1.9
74---------------- --- --- --- --- --- --- 26.2 2L7 24.7 --- --- --- ---
185--------------- as 6.6 4.6 42 3.6 22 24.4 20.3 23.2 1.4 1.1 25 1.6
400--------------- 10.1 al 4.7 4.8 46 28 26.6 19.5 27.6 0.7 1.3 6.7 28
ControlsGroupA-- 13.2 9.7 4.8 4.8 7.4 4.1 41.2 25.8 36.5 20 20 9.5 4.7

ing this, the platelet count fell reaching a low A

of np’proximately 30 percent of control value I I 1 I I I I
CCWROLS GRW9A,W<IO061 ;

during the 4th week The platelet count rose 400 I I 1 I 1 I I
during the5th and 6th weel& and reached the
value noted for the initial countson the 10th
day. A second decrease in the platelet count
(P< O.01) developed during the 7th and 8th
week% and values remained at approximately
70percent of the control groups during there-
mainder of the initial observation period. No
additional recovery had occurred by the 6th
month. At 12 months the counts were higher
but still below the contro[ range. The pattern
of platelet counts in the male groups was re-
markably similar to that noted for the females.
Counts of the lower age group, males, were
consistently higher than those of the adult.
group in absolute counts; butconsistently lower
as percent of control.

PcslEx~MY

I!%3uBE 44-8rriat platckt changea in thonc lcn8 than
If) Ueara and greater than 10 yews of aye of Croup
I (Ron@ap).
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4.32 Hematological Findings, Group 11. range but platelets and lymphocytes remained
Ailinginae depressed but higher than at 6 months.

The pattern of change of all elements in
Group II was essentially identical to that of 4.33 Hematologicid Findings, Group IV. Utirik

Group I: however, the de-&we of change was not
as marked (Table 4.3). As with Group I, recov- Since it was known that Group IV had re-

ery of all elements was incomplete at 6 months. ceived a very small dose of radiation compared

At 12 months granulocytes were in the control to the other exposure groups, less frequent de-

Table 4.3.-Group II Ailinginae Mean Blood Count by Day and by AW

I ;XLJ

,.—

P. E. Day... ---.-.\ <5 >5

3.------------ .---I 6.0 7.0
7------.---------- 5.5 6.8
lo--------- .--_---/ 6.3 7.3
12--- .------------1 6.3 7.6
lo---- _-----------’ 7.1 7.0
18---------------- 6.8 7.8
22---------------- 8.9 8.7
26------------- .--I 8.4 7.0
30--------- .------1 9.6 8.6
32------- .-. ------/ 7.7 7.8
39. --.. -.---- .-----1 7.5 6.2
43------- .-. ---.--1 6.9 6.5
47------ ..-------., 7.3 6.7
51. ----- .---. ----.1 8.4 6.3
54-------------- ..! 4.6 6.3
185--------------.; 7.7 6.5
400--------------- 11.1 7.8
Controla Group A---, 13.2 9.7

<5 >5 I <5 >5

I
3.0 5.0

I
28 22

42 i-i t i:; 2-2
---

1.8 4.7 3.1 22
23 4.5 4.2 22
29 5.0 3.5 24
5.3 5.4 27 29
4.8 4.4 3.2 22
5.3 6.2

1
3.7 20

3.3 5.2 3.5 22
29 4.2 I 4.7 1.9
27 3.6 3.9 27
3.5 3.8 3.4 27
3.8 3.6 4.0 22
28 3.5 3.2 25
4.8 3.9 27 22
4.2 4.7 6.5 5.6
+.8 4.8 7.4 4.1

<lo >10 Age9 i
(M) (M) (F) <5 >5 <5 >5

-------- ---- 0.8 1.6 0.5 0.4
-------- ---- ------ ------
225 226 20.9 3.8 21 26 1.6
---- -------- 3.4 5.8 4.4 26
29.0 20.2 24.6 3.7 26 23 1.4
27.5 21.7 249 23 1.5 3.2 23
23.5 17.0 229 1.5 24 5.8 24
20.0 13.8 17.4 23 2.4 0.6 1.6
19.5 128 18.2 1.9 1.9 4.1 20
240 15.8 227 28 2.2 6.0 1.9
26.5 20.8 27.0 1.1 1.7 27 1.6
2&0 19.6 25.3 0.6 1.4 28 0.6
27.0 20.0 Z&l ,22 1.9 1.5 0.7
320 18.2 25.0 27 28 22 1.0
37.0 19.8 23.8 ,1.5 1.9 1.8 0.8
25.2 19.2 23.9 ‘1.1 1.4 1.5 2.2
3&7 21.4 28.3 1.0 1.11 1.7 2.2
41.2 25.8 36.5~20 201 9.5 4.7

I I

Table 4.4.-Group IV Uttirik Mean Blond Count b; Wy ~d by A=

1
I :x:&c. [ Wm&n.xs ‘ LYu?&oc;tn I PLfxAwyn M~xOCC;T=E EOSININW-

1-
All

P. E. Day --------- <5 >5 <5 >5 <5 >5 <10 >10 Ages <5 >5 <5 >5
(M) (M) (F)

4-. -.. --.. -.-.-...; 9.4 8.2 4.7 4.2 4.9 3.2 ---- ---- ---- 0.6 0.2 20 1.2
14.. -... - . . . . . . ...1 10.0 8.6 4.1 3.2 5.1 29 ---- ---- ---- 4.9 ‘4.2 3,6 2.7
19---------------- --- --- --- ..- --- --- 38.9 28.1 35.6 --- --- --- ---
29---------------- 10.1 9.7 4.9 5.8 \ 4.8 3.2 34.5 25.6 3t. 7 22 1.7 3.1 2.0
Controls Group A---l 13.2 9.7 4.8 4.8 7.4 4.1 41.2 25.8 36.5 20 2-0 9.5 4.7
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terminations were cnrried out on these people.

ln the grenter than 5 age group the total white

blood cell and neutrophile counts were depressed
slightly below control values during the 1st and
2d weeks (Table 4.4). The lymphocyte counts
were below control levels consistently, and the
total white count equal to the control value ob-
tained on day 29 was due to a neutrophilic
leukocytosis.

Platelet counts on the 29th dny were signifi-
cantly lower than on the 19th day and, except
for the older age males, were lower than control
values. The 29th day coincides with the time
of maximum depression for the more heavily
exposed groups.

4.34 Hematological Finding% Group III
(Americans)

The neutrophile count in general reflected the
time course of the total leukocyte count (Fig.
4.5 ). Neutrophiles accounted nlmost entirely
for the mmrked risa in total count on post-
exposure day one, and the values for absolute
neutrophile count- fluctuated near the control

FWJRE 4.%sertil tOtaJ lewkwte, ~utroP~i& and

l~phocyte count in ezpoaed Americana (Group 111).

vaiuee thereafter in the course of the study.
The lymphocyte counts fell to below control
levels in the first few days, and rem~ined at a
level approximately 75 percent of the control
value throughout most of the remainder of the
observation pericd.

In Groups I and II the fluctuations in the
totnl leukocyte count were accounted for almost

Table 4.5.-Group III Americans Mean Blood Count by Day

W. B. C. .wmmlo- LrnPHo- Pryl& M o#w;ts Eosiso-
P. E. DAV (x I@) IWILXS CYTUI FHILSS

(x 1(?) (x UP) (x I@)
--—-—— -—. —— ,-_—. — ——-—-—— ——-— .— --— ———

1------------------------- 9.6 6.1 3.3 ! I------ 0.1 L 6

8------------------------- 6.6 4.3 2.1 I ------ 1. !) i 0.5
9------------------------- 6.2 20 0.4

:: I :: I -----
------

10------------------------ 6.3
11------------------------ 6.2 3.9 2.1 ~ ----- I :: I ::
12------------------------ 6.0 3.7 i 2.1Z. , ~. ,.5 / 0.7
“id------------------------ 6.1 3.7 I 21 ----- 1.7 1.2i 13
lo------------------------ 6.1 3.8 .

I
------ 1.7

lo------------------------ 8.1 4.7 28 25

lo------------------------ 7. 9 I %: 1 2-4 21
23------------------------ 6.7 t; I ;! I ,7.!)

28------------------------ i. 2 4.1 / 25 ~ 14.4
,;:A:;

33----------------------- - 6.7
29------------.---------_- 6.8 ;: I :;

g; , ::: I ;;

43--------------------.-- - 7.6 4.4 2.9 21.8 1.4 2.0
47----------------------- - 7. 8 4.6 3.1 2.7 1.5

51----------------------- - 5.7 3.2 2.2 ~ 2; 24 1.7
— —

Kwaj-American Controls --- -’ 7.8 ‘ 4.1 3.1 23.8 2.6 27

I
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Table 4.6.-GrouD I Ron-1ap M= Blood.
Counts at Time of Maxi&~ Depression

.40z Lxss TIIAN 5
—

~ ~.c, ‘ PLAIXLST# \ N’CUTR13 i I.:::*
CASX No. (.4 VWIAGS (*:::~o= I (Ap;&TGC I (AVCXAGZ

raoM DAY
39?051)

1,

FROM DAY FROM DAY I ?RIJM DAY
2%?030) 30 T051) i 39 T051)

2 7220 110 2S70 ~ 4050
3 7320 155 2770 ~ 4200
5 5620 115 2570 2650

17 6230 105 335o ~ 2650
19 5650
21 4750 % I %: ! :::
23 7150 195 I 4100 \ 2800
32 5450 95 I 2600 I 2650
33 : 5600 85 ~ 1670 { 3570
42 I 55~ 80 I 2520 , 2920
54 4750 145 2620 ~ 1950
65 6050 I 105 2520 1 2400
69 4770 I 115 ~ 1420 I 3170

Age 5 to 15

15 3920 200 1470 2320
20 5020 120 3020 ; 1950
24 5620 195 3450 ~ 1970
26 6020 145 3470 2326
35 5100 140 2700 I 2150
36 4726 130 2520 / 2470
39 ~ 4720 165 2900 1550
47 7220 120 4720 ~ 2250
61 5600 105 2500 1 2970
67 5120 115 2970 1 1920
72 j 4100 185 1800 1 1970
75 \ 4200 110 ~ 2320 1720
76 5750 150 , 28W i 2870

Age greater than 15 I

4 6420 130 2650 ~ 3550
7 5220 195 2520 I 2520
9 5470 125 2700 \ 2420

.-1o 4550 105 2770 I 1570
11 3120 85 1570 j 1350
12 4670 150 3270 1270
13 4050 55 2370 1520
14 ‘ 4570 55 2770 i700
18 6100 45 4320 ~ 1650
22 4470 130 2500 1900
25 6250 110
27 6620 1:: I ;;O ; :::
30 1 5700 1600
34 : 5900 , 125 3650 : 2350

:: ~y~l;~
2450 ~ 2870
3120 ~ 257~

46 i 4620 \ 135 2350 2100
49 6620 I 1!30 I 4050 2220

I

Table 4.6.-Group I Rongelap Mean Blood
Counts at Time of Peak Depression---continual

CASZ NO.

52
55
56
57
58
60
62
63
64
66
68
71
73
74
78
79
80
82

W. B. C.
(AVCRA~C
nou DAY
39 To 51)

5620
4400
6170
5020
4750
6970
8300
4270
5600
6100
4600
7950
3970
9900
5400
7800
5670
5250

3LATXLH3
-%::: i w:%

[A$’&.x (A VERAGC (AVCEAGI
FROM DAY ?aon DAY FEOII DA’
26 To 30) 39 ‘To 51) 39 TO 51)
. —

160 2970
135 1450
125 3520
55 2020
80 2600

160 4050
110 5170
65 2550

3220
1;: I 2820

2450
2720
2550
2700
1850
2470
2820
1520
2050
3120

120 I 2400 2020
105 ‘ 4950 2700
60 2630 1260

155 7250 2550
95 3350 1950
70 5120 2500

100 2920 1 2520
i30 2620 2470

I

entirely by changes in the total neutrophile
count. (%oup III differed since the changes i
total Ieukocy-te count were reflected almos
equully in the lymphocyte and neutrophlle
count. The si=wificnnce of this difference i
response in the two groups is not upparent.

3ao ,
‘~AAemcMlaw—mu

FUNJREd. fl—~rrial piutclrt ro1int8 in expo.?cd .4mer
ranu ( (;rmtp iIi ).

The plutelet count ( Fig. +.(;) were l~ot n~ur
wlly (Iepresse(i wheti the initi:~i counts ~ve
t:~kel~(luring the :kl week. .tt the end of tl
:;d week, lwwever, tile l)liltelet MNlllt l)e~[ul
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fall to reach a low of approximately 60 percent
of control levels at the end of the 4th week.
The value then returned to approximately the
control level nt the start of the 7th week, fol-
lowing which n second depression was noted.
The platelet counts were at a level of 80 percent
of the control value nt the time of the last ob-
servation during the 8th post -exposure week.

4.35 Monocyres and Eosinophiles, All Groups

From Tnble 4.2 it is seen that the mean mono-
cyte count for Choup I rose nbruptly from an
early value below control levels to a well-defined
peak on day 12, following which it fluctuated at
values below the control level for the duration
of the observation period. .i similar time trend
was noted in Groups II and 111.

Table 4.7.-Group 11Ailingiaae Mean Blood
Counts at Time of Maximum Depression

Ac9LeasT!mI 5

W, B.C. FlS4#$9 Naltra- Lympha.

cMO No. (Avemu9 phlks

f~rnti:~;(::~y
[AVOI’MD (AcV%&
f~mwf)a; f;: y;y

altoal)

6 9,750 I 215 3, 470 5, 600
8 8,350 185 3, 520 4, 350

44 ! 4, 570 180 2,350 2, 070

Age6 to 15

48 6, 220 210 2,970 3, 150
53 6, 170 240 3, 700 2, 500
81 4, 700 240 2, 320 2, 150

.- Age Greater Than 15

1 6, 170 175 3, 570 2, 370
16 ‘ 4, 670 / 195 2, 200 2, 270
28 6,270 I 115 3,720 2,270
29 6, 750 115 4, 100 2, 220
31 5, 650 145 2,950 2, 450
41 5, 120 110 3, 050 2, 270
43 6, 150 215 3, 700 2, Ooo
45 5, 650 I 180 4, 170 1,470
50 I 7,0WI 95 3, 970 2,900
51 7, 750 I 170 4, 620 2, 950
59 12, 400 105 8, 120 3, 670
70 5,070

I 1 ’85 ‘“m ! “750
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The eosinophile count in the older age in-
clividunls, Group I, rose from very low levels
observed on day 3 to values approximating 35
percent of control during the second week,
where it remained from the 3d to the 5th
week (Fig. 4.?). The counts then decreased

FIOURE 4.7.—Serial eoainophtie eounta on those Iu8

tham and qrcater tl~an5 vctlrn of awe of Group I
( Ron~elap).

(p>O.01 ) and remained at u value approxi-
mately 15 percent of control throughout the
remninder of the study. The time trend of re-
sponse wns similnr in the younger aegeindivid-

uals, however chan~ms in the younger age group
were relatively gremter if considered in terms

of the control values. Similar trends in

eosinophile count were not evident in other ex-
posure groups.

It is possible- tlmt the rise in eosinophiles

represents thnt. reported by Minot and Spurl ing
(11 ) M occurring”- two to three WeSkS :lfter

short wnvelengtli irraditition?’.

4.36 Hemacocrir, All Groups

The hernntocrit values for nil exl)osed groll ps
:ire shown iII Titble 4.8. When hemutomits were
tilst done ou the !Md duy, mean values for
(iroilljs I und I I were below those of the w~ntrol
population). .\ significant trend in values mfter
tl~is time could not be deterted st:ttisticully.

b
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Table 4.8.—Hematocric, All Exposure Groups

onouP I

*r
ALL AOZS, <15” (M) >15 (M) (F)

22 37.5 43.9 39.0

23 ---- ---- ----
26 36.3 41.6 37.5
28 ---- ---- ----
29 ---- ---- ----
30 37.9 422 37. 1
33 37.4 42.2 36.8
39 ~ ::; 424 37.4
43

I 39.0
41.8 37.6

47 43.4 3s. 3
1s5 3s. o 41.7 38.2

\— —
Controls ---- ! 39.6

1
46.0

\
39.9

*.4ge in years.
(M) = Male.
(F) = Female.

4.37 Morphology of Peripheral Blood

CIROUF 11 GROUPIv ORO1’? 11

<M (M) 1 >1.5(M) ALfi :)’= , <15 (M) ~ ‘ ~L~fi~S 1=>15 (M) ~

,’ ,—

37.5 43.7 39.2 ---- ---- 1 . . i ----
---- ---- ---- ---- ---- ----
36.5 43.2 36.8 ---- ---- ----
---- ---- ---- ---- ---- ----

39.9 .!5. 1 39.4-------- ----
36.0 I 44.6 36.7 ---- ----

:: 1 H :: ---- ---- ---

- ~ ;:::---- ----

---- 46.5 40.2 ---- ----
-------- ---- ---- --------
37.5 I 40.1 37.3 ---- ---- ; --
—, —,— —— —

45.7

44.5
----
----
45.4
46.7
44.0
----
. . . .

39.6 46.0
1

39.9
/

39.6
I

46.0
1

39.9
1

+4. 9

Significant morphologicill cellular challf@s,
with the exception of \\bnormal mononuclear
cells* seen in several individtuds during the pe-
riod of most severe neutropenia, were not ob-
served. .~pparently similnr cells have been ob-
served previously by .Minot md Spurling ( 11).
Complete evaluation of these chnnges would
necessitate an exhaustive serinl study of the
Iiemutology slides. Simihw differences of opin-
ion are reported in the litetwture.

4.38 Comparison of Hematological Findings in”.-
Children and Adults, Group 1.

depression of cellulnr elements were prese
between children and sdults. In Table 4.9,
mean vnlues of the neutrophile, lymphocyte a
platelet counts at time of pe~~kclepreseion
each element fire given in terms of nbsolu
count and percent of appropriate controi val
(mean phltelet counts were wlcuhlted for
less than 5 itnd greater than ~ ilge ~woups
this eompnriscm ).

Table 4.9.4omparison by Age of Mean Neut
pbde, I.ympho~e and Platelet Counts
Group I (Rongelap) at the time of P
Depression

‘1 ,4ns0L.!TccOUN’TX I@ PmcnsT or
COWROL

TYPC O? CCLL l__– I

( AG*<S \ .,,;G>5;AG*<SI .AG
‘— —— ~—’
1.

Neutrophile . .-~ 2.7 :1. 1 1 56 64

Lymphocyte. --) 2.9 I 2.2 ! W ,5

Phitclets
(fcmaics ! I

olliy) ------- !)6 120 ! 2% :{
1

[ I
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&m . , !

‘$= .

i
40 —

30 - I
20 r ! )

10-
il, ill!! ,, I

‘012343678 9 10 II 12 (3 14

N~~ s101

FICiVBE 4.8.<ff wbula.tive ncu trophiie cottnt8 for (;rfwp
I (Ronoektp ) at the time of mazimum depre$8tmu
and at t) mimtha after ezpomirc.

It is seen thnt in terms of absolute counts, the
children showed a greater depression of the
lymphocyte count. Expressed as percent of
control, all elements were affected more mark-
edly in the younger age group. These results’
would indicate that children are more sensitive
to radiation, or that other biological or physi-
cal factors resulted in a relatively greater elfect.
One physical consideration that may have ac-
counted in part for the apparently greater dose
received by the children involves n considera-

tion of dose distribution in the body. Because
of their relatively small diameter, the dose re-
ceived tit the center of the body of a child would
be greater than for an adult exposed to the
same dose as measured free in air.

.-

4.4 Discussion

4.41 Generel

An estimation of the severity of radiation
dnmnge incurred can be attempted by com-
paring the present results with previous herna-

tolo~icttl clutn on total bocly exposure. The

present data represent the only large series in
which systematic serial counts on the sume in-

dividuals have been possible, and thus they com-
prise the most complete data available on human
beings exposed in the high sublethal range. It
is also of importance, therefore, to examine the
present results in conjunction with past experi-
ence in an effort to gain a better understanding
of the hems.tological response of human beings
exposed to penetrating radiation in the sub-
lethal rtinge.

In the following discussion it will be gener-
nlly assumed that the hematological effects
noted were due primarily to the penetrating
gamma radiation received. The beta radiation

injury of the skin may have contributed to

fluctuations in the white count during the pe-

riod of active lesions during the third, fourth
and fifth week, but is considered not to have
contributed significantly to depression of any
peripheral elements (Chapter 3). The degree
of interrml contamination with tission products
( (lutpter 5) was probably too small to con-
tribllte significantly to the early hematoiogical
effects “observed. Although it is not possible
to sny with certainty that these added factors
did not materially atfect the hematological pat-
tern seen, it will become evident in the discus-

sion that the chnnges observed are not incon-
sistent with those to be expected from exposure
to penetrating radiation alone. Thus~ the

hemntological changes noted are considered to
be the result of a single exposure to penetrating
~llmma radiation, de]ivered at n rapidly de-

crensi ng dose rate over a period of :ipproxi-
mntely 2 duys. [~~llessotherwise stilted all dis-

cussion will be limited to the older-age subdi-
vision of Group I.

The principal sources of previous dutw i\v~il-
able for compar@ol], and the characteristics und
limitations of each are sumtniirized in Tul)le
4.10. I>erusul of tlie table will make apparent
the difficulties involved in attempting strict
comparisons: however, some stutenlellts c:~l~be
tnude despite the obvious linlit:~tif)l~s- Ff}r

ensy reference, “normal” vallles for l)eripheral

blood counts, from the l}resel)t (latn aml frmli

the litemture itre i)reselltwl in TJAe 4.11.
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Table 4.10.-Characteriati~ of Available Data on the Hematological Effects of Penetrating Radiat

C EABAL7EMSTIW JAPANHS BO.MNQ. I c~~~~~”” LABOIt.TO.YAIXf- ] EX?OIIC. MARSHAL.- ‘ ~AnGBAw”AM
DEW’S Usc

Numbers in group~--- 1 large small small large ~ large
Adequacy of Con- fair poor poor good very good

trofs
Serial counts -------- no yes yes yes
Counting

yes
tech- fair fair

niques* I ,awe ‘:; ,::, :;,
Chance of bias due ; large

to sampling tech-
niques

“Normal” individ- 1 yes no yes yes yes
Uals I

Internal contami- none none none minimal none
nation

Additional trauma ~ yes no yes yes
(bums, etc.) ~

Species extrapola- \ no : no no no I ‘jes
tion necessary 1

Type of radiation- --~ gamma, some hard X-rays, gamm4 neu- gamma. Wa hard x-ran
neutrons gamma trons, X- to skin gamma

mys, bet&4
Dosage estimation--- i poor good poor fair good
Single exposure- ---.1 yes ‘ usually no yes J%!! yes
Dose rate ------ .---1 Instantaneous -5r/min. Instantaneous Varying ~5r/ -lOr/min.

hr.
Body region--------~ Total body Usually par- Total and Total body; Total body

tial body partial body beta to skin
Doeage range------ -~ Sublethal and ‘ Sublethal

I ‘“b’;::&and ‘Ub’ethai
Sublethal an

I lethal lethal
Geometry ----- . . . . . ~ Narrow beam Narrow beam Narrow beam 360° field Narrow beam
Depth dose curve Moderate fall Variable Rapid fall off Essentially Variabie;

! Ofr flat i rapid fall
! I OHto flat

*!3ame teehniciana for all counts; rigidly standardized techniques throughout, etc.

4.42 Comparison With the Japams Hiroshima such that they may not Imve received sig
ad Nagasaki Dara

The-limitations stnted in Table -L1O apply to
the Japanese low dose groups* E to H in par-
ticular, in which vnlues given ( oughtersen et al.
( 1!2) and 1A Roy ( 13)) nre pooled and include
individuals loctited at tile time of the bombing

●The Jupunese {wsuuities were {Ilvided into L70ups

A to H on the hu~is ,~f tlegrtw ~~f exposure us deter-
mined rfmghly h.v (Iistnnce fr{ml the hype-center iin(l
;lppr{~ximate {Iegrw {If AiAdlng. In groups E m H
Wwuthll[y mI nmrtality nserthahle to rmlintion
ex~]sure (wc{lrred in the tlrst 3 or 4 months.

c~tnt exposure Hence, while the pattern

change with respect to time is of vaiue, abso
counts probably we high. The time courw
hematologimil clumge in the people of Grou
corres~xmd most closely with these low expo
,Jolmnese groups in which definite sign
severe riidiution exposure were present in
individuu]s but in which essentially no
tnlity occl[rred ( inititil hetnatologicul stu
on tile .Jit~)}~lle~ terminated :tt 15 weeks).
wrly perio(l up to :lpproximate]y 6 weeks
cl]nl”il(Wel”iZe(l by consi({erable v:wilttion in
white N)ut)t ill l~otll tl~e (;ro[lp t illl(lJitpu
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Table 4.1 I.—Mean Peripheral Blood Count Values for Seveml Control Population (xl@)

I SOUIWK or DATA DmSMINATION

I JA?ASZ.SKKunz
_ AMCREAN8*

1ls4/;p3 191&yle I (3)

i–— —l–—
To~~ white Count..----] 9.9 “ 9.5
Neutrophile ------------- 5.5 5.0
Lymphocytes ----------- 2.9 28
Monocytes-------------- O.6 , 0.6
Eminophiles ------------ 0.9 L o
B~ophiles-------------- — 0.1
Platelets. ---------------, — —

7. 4
4.4
2.5
0.3
0.2
0.0

—

AMSXE2ANS

(2)

7. 0
4.3
2.1
0.4
0.2
0.0

●*250

7.8
4.1
3.1
0.3
0.3
0.0
238

c ONTllOL
GROUPA

—.

9.7
-i. 8
4.1
0.2
0.5
0.1
308

●AG 21 yearn.
*~he mean value for 50 normal young American men, using the technique employed in the

present study, waa 257,000.

casualties. This fluctuation mny be associated
with the presence of thermal or other injuries .
in the .Japanese or the active skin lesions in the
Marshalleae. or may correspond to the %bortive
rise’” noted for animals following exposure
( 14, 15). From the 6th week until the termi-
nation of the acute studies on the Marsludlese
cluring the 10th week, the .Japanese and
Marshallese counts remuined at similar levels.

The neutrophile count in both the .JitP~t_t=
and Jfarshtillese in pnerul paralleled the totnl
white count. The lymphocyte count in both
groups wns depressed early nncl remuined de-

pressed ttt values of approximately MN) until

week 10. The high value of 2692 reported for

the Jitpunese for weeks 12 to 13 must be SUS-
peeted of being high for the reasons given
earlier. -

Various chnrncteristics of the .Jwpunese
llernutological trends should be pointed out: a)
while high dose exposure groups with signifi-
cant mortality showed iil~enrly depression with
itdelinite low point :~t 4 weeks, the lower dose
groups showed no definite minimum :It 4 weeks

but rather a continued depression until the 8th
or 9th weeks. b) I$%ile mean leukocyte rounts
of the IIe)lvily exposed groups 1A recoverwl in
l)urt tind were :t~)proilchi ng normt~l mngps,

:{81712(>fi~;

these means, 15 WAS after exposure w-ere still
below means for control populations listed in
Table 4.11. In fact, datn of Kikuchi and
W~lkisakn (22, 23) indicate that hematologic
recovery was not complete 2 years after ex-
posure. The studies of these nuthors, per-
formed independently of the Joint Comrnissiou
nnd -\tomic Bomb Casualty (’omission, sug-
gest the early blood response :lncl prolonged
recovery of the .Japanese ~~ilssimilar to that
report-ml here for the Mm-shallese.

The Ijresent Iindings in the M:wshnliese are
in :lccord with these char:wteristi($s, namely

:L) tot al Jvhite cell :md neutrophile counts
showwl no definite minimum itt 4 weeks as evi-
denced in .Japane.se groups .1 to D, but rather
tiuctunted (luring the first weeks with minii~~urn
menn counts occurring in the 6th week or biter.
b) neutrophile counts were unstable over the

timt 5 weeks, and recovery to control levels W:W
not complete hy the (lthnml~tll,c) lymphocyte
counts remaine(i {lepre~~e{l throughout the pe-
riod of observation.

Platelet dnttt in the .J:llmuess ill~ I)d Suffi-

cient to :illow more th~m rough tlunlitative
c(mlmrisolis. Tl~is is llnfortun:tte since changes

ill I)l:ltelet collnts ill tile I)lysellt studies ill)-
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petwed to show n more consistent pattern than
did the leukocyte counts. Platelet counts on
one individmtl, considered ;1sN typical response
in a non- fi~tal .Ji\pt\nese( 13) indicated an ap-
pilrent low approximately on day 30. This time
trend agrees with thnt seen in the Mnrshidlese
and .%mericans exposed to fallout rzdintion.

It is worthy of note that the period of peak
incidence of purpura in the ,Jnpnnese victims
occurred between the 25th and 30th day, which
corresponds to the time of milxirnurn platelet

depression in the exposed Jlxrshallese.

4.43 Comparison With Data From Laboratory
Accidents

.ilthough in the Ims .llnrnos ( 18) imcl .\r-

gonne itccidents ( 19) tile type of radiation
nnd the conditions of exposure were mnrkedly
different from either the .Jiipnnese or the Group
I situations, a large component of penetrating
{rtlmma and neutron racliittionwas received m-lP
thus nttempt,s i~t comparison mit~ be of due.
Some findings in the hematological responses
me pointed out: a ) i} uniform early rise in
white and neutropllile counts over the first few

days, similar to that seen early in the .\mericnn
group was observed uniformly.* b) of three
hig]l-exposure but non-lethal cases, the total
white ilnd leukmyte counts cxmtinuecl to Show

some deyree of (depression into tile 7th week or

beyond. c) the lymphocyte counts in inclivid-
uNls exposed to iM little as 50 rem showed an
initiitl mnrked depres.. irm. In most ~ilSeS the
lymphocyte counts remilined at low levels
throughout the period of ~hservatiort. d) plate-
let counts were done by il ditferent method, and
:tbsol ute counts :\re tIlerefore not comparable.

However. of tl)e three high dose survi W-N-S,
times of maximum (Impression were not incon-
sistent with the value of :1o (Iiiys obtaiiiecl ill the
I)resent stldies. III liigher (lose non-survivors,

l~owever, tl~e plilte]etcolllitsllit(lretiched mini-

mum vxlues :LsWIrly :Lstl]eWh d:Ly.

Tile .Irgonne J.i~bo~~tory tccident (19) in-
volved four indivicluxls who were estimated to
l~i~~ereceived 136, 127, 60 and 9 rep, respec-
tively. The tinclings in the two highest exposed
individuals in genernl were consistent with
those in the present study. .in initinl neutro-
pl~ilic leukocytosis was followed by fluctuations
in total count, with low VillUeScontinuing into
the 7th week. Recovery was not complete by
tile 20tl~ week. The lymplmcyte depression was
r~tpicl ilnd milrked, recovery was not evident by
the 20th week. }Iinimum values for the plate-
let counts were obtained between the z~th ilnd

3 Ist d:ly.

L’omP(lm’,von with .4 n~md I?ata. The time

trends it]]d severity of peripheral blood count
change following total body ridiation in ani-
mitlS Iw3 been examined critically recently ( 15),
iilld tile following ~rene~ll conci usj~ns :~re

presented.
a ) .in initinl rise in total white count ( re-

flected in the ]Ieutropl]i]e count) lIlily occur.
Tliereafter the magnitude of clepression of the
totlll white i~lld neutrophi]e counts, itnd within

limits their duration are :t function of rn(li\L-

tion dose. .1 secomhwy or :lbortive rise in the

totnl white count (reflected illtile neutrophi]e

or lymphocyte count) nuty occur, followed by it

second decrease. Tl~ere is Iittle species differ-

ence in the rnte of (Impression of the total white
or neutrophiie count iit comparable closes: how-
ever, the rate of recovery Nud time for complete
recovery is qllite tlitferent in viirious species.
Sma] 1:mitnnls (mouse, r:it, lutmster ) show reht-
tively complete recovery to control levels, even .
nt doses it] tl]e Ietllill rnnge, by the end of the

.Jth week or eilrlier. l):lt:t m! dog! itre in:tde-

{lu~tte to i[l{lic:tte when recovery is romplete:

Iiowever. rettlrn to eoiltrol levels ilt nigh dose
levels li:~sIlot occurre(i I]y tile sth week. Swine
require !) to 1,5 or more weeks for complete
recover y.

b) The respome of Iym[)lmcytes is essent i]llly
identical ill itll illlimal s~)ecies. 1)e[)ressioll Citll

be fletected within n few Iioum. nlld recoverv
from the mininlllm v:tllles ( :t(”liieve{l ill :M-ito 48
I)ouls) reqliires l(~(lger tll:lu {loss nelltro[)llile
recovery. l.ympl~(wytw f:~ll to very low levels
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at doses well below the Ietlml range, and increas-
ing dose results in no or minimal further de-
crense in count. Lymphocyte depression ap-
penre to hnve no causal relationship with ncute
rndiation deaths.

c) Plntelet counts hnve been studied most
extensive y in dogs (20). .$s with neutrophiles,
the rnpidity nnd magnitude of depression is o
function of dose below the lethal range. ~axi-
mum depression occurs by the 9th or 10th day
with doses in the high lethal range, by the 10th
to 15th day nt sublethal levels. Recovery be-
gins during the ;ki week, but is not complete by
the 30th day when most studies lmve been termi-
nated Insufficient dnta are available to indi-
cnte the time required for complete recovery.

Considernble evidence including studies in
the mouse using splenic homogenates, induced
bacterial infections and spontaneous infections
have indicated thnt critical neutrophile levels
exist, below which survival is correlated with
the absolute neutrophile count following w-hole-
body irradiation ( 15). From data on dogs, it
nppears that survival is likely unless neutro-
phile counts remain below l&)O cells for a
period of time.

Platelet clata on dogs indicate that animals
with external purpurn have plmtelet counts of
50,000 or below.

Sufficient data on large animals are not ws
yet availnble to quantify the extent of maxi-
mum depression of either the neutrophile or
platelet counts as a function of dose in the sub-
lethal range. The response of the platelet count
h the present study was much less subject to
fluctuation than were the neutrophile or lym-
phocyte counts. For the preceding reasons,
systematic investigation of the platelet rmd
leukocyte counts in ltirge animals M a function
of dose in the sublethal range me indicnted.

It is not possible to say at present whether
severity of exposure, or of rwlintion damage
correlates better with wbsolute levels of periph-
eral blood count, or with degree of change
from control or pre-exposure levels. Some
evidence on this point can be gained by com-
paring the degree of (Impression of the neutro-
phile counts in (;roups 11 itnd III, hot]] of

which had essentially the saine calculated ex-
posure but for which control hematological
vnlues were considerably different (the lympho-
cyte count is nit suitable for comparison since
degree of depression was essentially the same
in these groups and the higher-dose Rongelnp
group). At the time of peak depression for
each element, the neutrophile counts were
essentially identical in terms of absolute counts,
but considerably different in terms. of the re-
spective control values. Thus, some evidence
is afforded that absolute counts, rather than
counts relative to control wdues, may be the
more reliable index of exposure in this dose
range.

4.45 Approximation of Minimal Lethal Dose for
Mall

Some indication of severity of exposure cm
be gleaned from a comparison of minimum in-
dividuitl counts in .Japunese groups in wl~ich fa-
talities occurred. In general, a signilicnnt
number of deaths was encountered only in in-
dividuals whose neutrophile count fell below “
1000. In Group I, -k2or approximittely 50 per-
cent, lliLClneutrophile counts below 20{W at some
time during the observation period, and 10
percent had counts below 1000. By this cri-
terion, then, the effective dose received by the
Ron@up people ilpproached the lethul range.

In the dog (( ‘ronkite and Ilond, unpublished
dnt:t), ilpprOXillMtelY an :~dditional .50 to 100 r

itre required to lower the neutrophi Ie count by

1000 cells/mm’ in the high sublethal dose range.
If these data can be npplied to man, illl :ddi-
tional 50 to 1(H)r would have ]Jlaced the dose
well in the lethal rnnge. on the other IIiilld,

l~owever, it is clear from tile presw~t dittil ilIl(l
from clinical experience with therapeutic radi:t-
tiou tllitt lwutropliile counts between 10(M) and

2000 ill Iiuman beings are in gf?lleritl well toler-
:ued. H~lmau beinkw with tlwse levels of tleu-
trophiles slww no clinical evidence (}f illness,
ilt’f?pll~SiCilll~ ilct iVe, itll(l geilelvlIIy (10 lIOtneed

l)rOphyli\(’tiCilntibiotic therapy.

‘l’liepeople of (;rollp I illW estimitted to Iiiive

rereivwl 175 r :M~itl~~llilte(l from (lose rate rwt(l-
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ings measured in nir from the phmar fission
product tield. From the preceding ptwngraph
it is seen tht nn additional 50 to 100 r of lilb-
orntory r:diation on :~n tivernge of 75 r, prob-
:lbly would have resultecl in some mortitlit~.
Correcting tl~is mverage value for geometry,*
it fo]lows thnt the minirnnl lethnl dose for mnn
exposed in n fission product tield is :q~proxi-
mntely 225 r meusured in air.

It is possible nlso to estimate the added in-
crement of dose th~tt would hnve resulted in
some mortnlity nrnong the rrroup I people from
consiclerntion of the minimum plntelet counts
observed, the phttelet levels in dogs exposed in
the high sublethwl rxnge (20), nnd the esti-
mntecl rnte of clecrense of plntelet level with in-
creasing dose in this doswe ~wge. Such an
xlmlysis lencls to the silme conclusions fis those
derived from neutrophile chttn.

4.46 Peripheral Counts aa an Index of Severiry
of Exposure

The relntive vnlue of the seveml l)ematologi-
LWlcletermiililtiolls in estimiltillg the degree of
exposure, iiS well ilS tile :l~q)roximilte dose
ranges over which Ilmximum sensitivity for
encl) IleterminNt ion exists, c:tn be est im~itecl by
comp~iring the degree of Ilemntologicill chnllge
:~mong tile severnl exposure groul)s. The rel-
:(tive tlegree of chnnge in neutrophilest lymphoc-
ytes nnd plntelets eilt~be seen in Tubles 4.2 to
4.5 illld Figures 4.!) to 4.12. I.yrnphocyte counts
were {iel)t-essed i~l)pr~inbly even in the 10W-

.exposure {hmup IV. In the higher, close groups,
lmwever, with wi{lely (litferent physic:ll esti-
rnnti% of exposure the Iymldmcyte couuts

‘Fr{ml gwnnetric ,Infl ~liy)th (lIKJWt?msi!lwuti,ms set
f~wth in Secti(m [. 1 roentgen llwusurwi in :tir in ii
tixxitm prt,tlm.t tkld \v41uid iw wqwetwi t[) Iw equiw lent
in its etYect IN I nu!n tI) ]Ipprc)ximnteiy 1,.7 r(wntgww of
lwnetr)ltin~ x. ttr ~:I]IIIIIURlfliutitm ([n(kr gwmwtrle
(w,n{liti{~ns IIs!lIIil~ uswi f{w Ijirge ;Inil]luls in the Ijlib

{,r~tlmy, Thus, the minimni iethui (lIW f(w win ex-
]NISWi tI, lwn+.trutili K ru(linti(]li ilmler tile tlsnnl ii:in~rn -
t,lr~ wm(iiti(~lls w-41111(1 IW :tljl)r{)xillljltel~ :*I$ r. The
!It.grw t(t whi(.il elwr~y liifY~ren(.w lwtIvet.n the tw’{~
rn(iiutiolw lIInv :iiter this rxti(j (If effw. tx (vlnnot Iw

evllllfutw];ItIll+wl)t.

snowed essential] y ident ic:tl degrees of clepres-
siow The lymphocyte counts of Groups I xnd
II were constantly depres~d nt n level ‘f ‘P- .
proxinuttely Jot)(} cells. Tl~us. while sensitive ut
very low doses, this endpoint m~ly be z poor
index of the degree of exposure :lt higher closes.
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sure severity except when counts on groups to be
compared are performed i~tthe same time.

The platelet count showed a more systematic
trend thull did the neutrophi le count. Dif -
ferences between the low-dose Group IV and
controls at the time of maximum depression for
~1]1grOLllM with the exception of adult males

“~~
00591 s172175a Y337 414S4993S7W *49

-LETS a 10”

cmt]d be noted, :tl)tl detect:lble ditferemies existed
betweeli tile menns for tile .Jfa[%hullese higher
expos~lre grmips. I’l;ttelet collnting is i(s easy
;1s, i(l~([ more reproducible tlmll Ieltkocyte counts
( 1. 21). ‘1’bus, the platelet (Colllltmay [wove to
}Wn useful ildex of degree of exl)i)s{lre tllrollgll-
{~llt it large p:trt of tlie s(lbletl]}ll runge.

The nlmve ccmsi~leriitinl]s i~~e ill it~~or(l with
[)IwYi(jIIs tin{lillgs on IIlln)all beil~gs ~111(1:lnimals.

4.5 Conclusions

1. C’O~SIDER.iTIOFi OF THE ciegree of depres-
sion of peripheral cellulur elements ildicates
that exposure of (lroup I ~~ils moderately
severe, probably within 50 to 10[) r of the level
wl~ere some fxt :11ities would have resulted.

2. Tlie degree of effect evidenced in Groilp I
people is not inconsistent with the physicill
estimates of gammn dose received, when the
geometry of exposure :lncl other fnctors nre
considered. Bet n lesions of tl~e skin, :Lnd the
low levels of internnl radioactive contunlina-
tion obserwi are considered Ilot to huve con-
tributed significantly to the heml~tologic~ll
Chq?es seen.

3. The extensive serial hematologicul datw
ol)tained, considered in connection with pre-
vious chlta, :111owreasmutbly i[ccufiite character-

ization of the hemtttologicnl response of human
I)eings exposed to single (loses of penetrating
radiation in, the higl] sllbletha~ ~UHP. Tl~e

pattern of change of some elements may be
di ffereut for higher dose levels; (see eurlier
discussion).

The tinle conrse of events is different from
that observed in I:wge aniul:lls :lN(I m:~y be de-
scribed as iollows:

2) Tlie total white count increases dllrin~
the t%t 2 or more days ad then tlecreases below
}wrmal levels. The total rmlllt t]leu tllwtuates
over the next 5 or 6 weeks, with no detillite

minimlim un(l witli sonle wllles :lljore llorli Iul
( the l)rese]ice of thermul or Iwtx lesions, or
other xcllte processes (lllril\g tliis time Illuy :li’-

colll]t iu lmrt for these lfllctlli~tiol)~).Tl]e

(,ouut Ixxcmws stabilized d~lrilw tile ~th or ~tll
weeks nt low- levels, aud ll~illin~!llll collllts prob-
ill)ly (wvllr :It this time. .i (Ietiliite trend ll\)-

w;lrd is :~[qmrellt in the !)tll or ~~)tl~~~eeks:
l~owever c(~ll~l)leterecovery l]l~ty reqllire seveml
Ilwtlw or nwe.

b) ‘ll~e l,eiltro!d~ile {v]llt~t lmmllels tile tottll
white Illomi cell {’olll)t. (’l)ulpldeI“etlllmtf~

Ilol”l)litl V:ll UeS (Ioes Ilot {)(! ClII”fOl’ W\-e1211I)lt)lltlls
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or more. The initial rise in total white count
is due to a neutrophilic leukocytosis.

c ) The drop in lymphocytes is early and pro-
found. I.ittle or no evidence of recovery may
be npparent severtil months after exposure, and
return to normal levels may not occur for
months or years.

d) The pltatelet count, unlike the fluctuating
totnl leukocyte count, falls in a regular fashion
nnd reaches n low on the 30th day. Some re-
covery is evident early; however, as with the
other elements, recovery mny not be complete
several months nfter exposure.

4. .%s an index of severity of exposure, par-
ticularly in the sublethal ri~nge, the totnl white
or neutrophi]e counts are of limited usefulness
because of wide fluctuations and because sev-
ertd weeks may be required for maximum de-
pression to become evident. The lymphocyte
count is of more vaiue in this regnrd, particu-
larly in the low dose rnnge, since depression
occurs within hours of exposure. However,
since a marked depression of lymphocyte counts
occurs with low doses and, since further in-
crease in close produces little more depression,
this index is of little value at the higher doses.

5. Platelet counts showed a regular pattern
of chmqre in the present studies, with the same
time of rnnximurn depression in :dl exposure
_woups and with the de=- of depression
rougldy proportional to the calculated doses.
It nppears, therefore, that the platelet count
lms considerable promise in the’ sublethal r:m~m
as :L convenient iltld rehttively e~tsy direct
method of determining the degree of exposure.

.-
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5.1 Introduction

FOLLOWINO.1 NUCLEARdetonation in the spring
of 195-i, a large group of people were contami-
nated with fission products. In addition to a
sublethal external gamma radiation exposure
nnd beta irradiation of the skin, delectable
amounts of rndionuclides were deposited in-
ternally. It hns been assumed that in all situ-
i]tionsresulting from a contnrninating event, the

ratio of externnl to internal dose would be ex-
ceedingly high. However, a detailed ‘study of
the internnl contamination in the exposed
human population and in nnimals was mnde to
determine the kind and degree of internal
deposition. Three general problems were in-
vestigated: ( I ) The determinntion of the con-
tribution of the internal contamination to the
ncute radiation syndrome observed: (2) The
possibility of long term etfects, and (3) The
qualitative and quantitative nnture of the in-
ternal contamination produced by exposure of
individuals to mixed tission products. There
was no previous situation in which human be-
ings were exposed to nn environment contami-
nated with mixed fission products. Concur-
rent studie~ were undertaken by the .Japanese,
however, on radioactive materials to which a
small group of .Japanese fishermen, near Ronge-
lap at the time of the detonation, were exposed.
The report of the extensive investigations
undertaken on the ashes by the .Japanese have
been published (4).

Evaluation of the internal contamination of
the human beings was made by a study of the
radioeiements excreted. .% very little infor-

mation is presently available concerning the
ratio of excreted rndioelements to the amount
deposited in the body, it was necessary to bnse
the evaluation on cltita obtnined from animals
which had been contaminated in the same
event. T)etailed studies of animal tissues and
animal excreta then provided data on which
estimates of the humau bwly burden were bused.

5.2 General Narure of Internal
Radiation Toxicity

THE ~ATCTREOF the radiation hazard from in-
ternally deposited fission products can best be
understood in terms of the biophysical behavior
of the radionuclides.

Fission products entering the body through
inhnlution or ingestion concentrate in various
tissues and tict as so~lrces of internal radintion.
Tile ability of a radionuclide to enter the blood
strenm is detern:ixled by its volubility, chemical
properties and physical stnte. The radioele-
ments formed in fission are predominantly ox-
ides which have u limited volubility in b~y
fluids. (.)u this bnsis, only a few of the rudio-
elements can become available to the body.

However, the amount which can produce in-
jllrious etfects when deposited within the body
is minute because of the close proximity of the
isotope to the tissues it irradiates, and becnuse
the isotope continues to irradiate these tissues
until it is removed by biological tmnover or is
rw~dered harmless by radioactive decny. The
effects of radiation from internally deposited
emitters Ire the stime as those from external
rndiation. The distinguishit~g feature of in-
ternill radiation, however, is its long continuing
nature.

llildiOUctive isotopes follow the same me-
talmlic processes in the ~mdy as tile nittUrall~
occurring inactive isotopes of the Silnle element
:llld of (:llemicallwv similar elements. Tl\us

strontium and bnrium, wllicll illW anulogous

chemically to calci~m], are (leposited in tile cal-
cifying tissue of the ~)ot~e. .flthougli Ilearly two

Illlldred radiois(@>H itl’e I)ro(llwefi in the tis-
sio n p recess, olll~ it few are potelltiitl chronic

internal r:t(liittioll IIazart{s. ‘llese tissioll protl-

ucts, }vhicll are listed in T:l~le ;. 1! ~onstitl~te x
Iligh pel~elltage of tile tiwioll yieltl, :LNd l(WitliZe

chiefly ill lK)IIe. qyle “l)olle-seel{el.s”” l)ave, itl

(;7
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Table 5.I.—Biologically Hazardous internally Deposited Fission Products

I
HA LP-LIrI

FStACTION RZACMIW CRITICAL

FISWOX I
ORGAN ‘2

RADIO-ELZMCN? ::;l:;ryw ARUND&SCE I

“=’” I R&~O f I Bl&+J 13Y IsGZST1054 ~ “ +~~LA”

— . ———

-—i

—.—

se P 4.6 3.9XIW 25 0.22
yvt B :: I ;; >500 28 X1O+ 0.14
z+ P, Y . 65 >100 ! .35
Rul@ 1%y 3.7 42 20 .04 IRU104 @ 0.5 , 365 20 .04
1131 t%? 28 ‘8 t 80 0.2
B#9

0.15
B?Y so6.0 128 -200 .07 i Zo

L#l /%7 i 17 ; 35 1.2x lo-J\ 0:1
C(+41 k% 7 5:7
ppu B 5.4

:8 ~ >:$J 1.3 X 10-3 .063~25

(33144 9, Y ~. 3 275 500 2 x 10-’ 0, 10
I I

From: I Seaborg and Perlman, Rev. Mod. Physics, 20:585, 1948.
2 Hamilton, J. G. Rev. Mod. Physics, 20:718, 1948.
~ Handbook 52, U. S. Dept. of Commerce, National Bureau of Standards.

~-nerai, long radiological nnd biological half-
Iives and produce high-energy beta particles.
Thus, they cause greater dumnge to bone and to
the radiosensitive bone murrow than to other
tissues. The damage to the blood forming tissue
results in a reduction of blood cells, and thus
atfects the entire body.

Information on the biological effects of in-
ternally deposited isotopes is derived from the
limited studies of accidental rndioisotopic pois-
oning in IIumans, or from animal experimen-
tation. The best documented dntu on the effects
of smnll ~tmounts of internally deposited emit-
ters in humun beinsm nre obtained from studies
of radium poisoning. .1s n result of radium
deposition, terminal unemia. bone necrosis and
osteo~pn ic snrcomn nppenred itfter a number of
yenrs. The resiclunl nctivity in the body as-
sociated with these etfects is 1 to 2 micrograms
of mdiurn. Radium is il pnrticulnrly hazard-
olls element when {leposited internally becnuse
of its long biol~]gical attd radiological hnlf-]ife.

Very few (liltil are itv}lilitble on the long term
biological etfects in humnn beings of the shorter
lived isotopes such as SF’, 1’3’, lJn and Naz’.
Tl]e metabolism, excretion and biolOgicitl effects
of :t llllnlher of fission prmiucts nave been

studied i1~animals by Hnrnilton ( 1), .~brams
(2), ltloorn (;+). Ho\vever, most of these stuclies

(10 not cover the problem of the long term effects
in nnimals produced by small i~tnounts of in-
ternally deposited isotopes.

Few data are nvnilwble concerning the effects
of internal contamination with mixed fission
products from Ilucle!tr detonations. t’ontami-
nntion is not produced by every detoniit ion of
a nucle}lr device. For exi~mple, 110 internal
t’ontaminution was dete(led in illlli VidUillS ex-
posed to the nir bu& itt Xagasnki ;LIId Hiro-
shima.

III tield tests of tile (wlt:lminuting type of
ntonlic (Ietonatiol]. ilnimals tl)nt inhttled tission
products dllring short periods of exposure were
follnd to l)~lve insiglliticnllt iltnOUlltS of internal

contamination.

The long term etfects ( primnrily mnlignallt
Cllilll$&3) resulting from radium deposition have
heeII used to set the limits for nmximum per-
missi b]e body concel]triit ions of it few Imue seek-
ing radioisotopes. in tlie body (0). JlilXiMUrn

l)ermissil)le k[y (mntellt of other rwiioisotopes
nre est imnted ONquantities resultin~r in a {lose
of [).:] IWM I)w week to tlie tisslle of I)ighest
(.ol)centrittioll.
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5.3 Internal Contamination in

Human Beings

THE INTERNAL CONTAMINAIYON study was be-

gun 15 days post-detonation with the collection
of pooled 24 hour urine samples from the
Marshallese and American groups. Maximum
activity in the urine occurs during the fimt few
days after internal contamination. By 1 week
m approximate equilibrium state is reached in
which the contaminants remaining in the body
nre firmly fixed, chiefly in the skeletal tissues.
Tl~e activity in the urine then derives from
radioelements which have been replaced in the
natural process of biological turnover. Thus,

the study made is essentially that of an equi-
librium condition.

The urine samples were sent to laboratories
in the l“nited States for analysis, since the “~igh
background encountered in the field masked the
relatively low levels of activity in the aliquot
samples used. .l field laboratory is most de-
sirable for a rapid survey, and -wasshown to be
feasible, if adequate facilities are provided for
the counting of the samples.

The first urine samples, mention~ :lbove,
were collected for the Los .Uamos Scientific
Laboratory (r..iisr.). Similar samples COl-

Iected 44 days post detonation were also sent
there. On the X3rd, 24th and 47th days post
detonation, ~~-hour urine collections from each
individual from Rongelnp and .Ailinginae were
sent to the New York Operations {Mice, .itomic
Energy Commission ( NYOO-AEC) for an-
alysis. In addition, sumples from representa-
tive individuals in these groups were collected
~1/0, :; ;tnd 6 months post {letonatiOn and sent

to <’YOO–AEC.
The l-SNRDL collected samples from each

member of the exposed groups ilt 4:3 and 46 days
post tletonution. Samples from representa-

tives of these groul)s were also collected at ~li~,
3 tin(l 6 months by the I-SXRDI,. In a&lition,

samples from u representative group of 6 .tmeri-
{o:ins ;Lnd 20 Marshullese ~vere collected for 6
[!onsecut ire (Itiys I)egitlllil)g :H duys pOSt

(leton:ttioo.

5.31 Methods

.1s a complete radiochemicxi analysis of all
the urine samples was not feasible. samples were
onalyzed for only Srag, ha””. the rare earth
group and lissile muterial. These analyses are
the most useful for evaluating the concentra-
tion and identity of all the potentially hazard-
ous internally deposited radioactive isotopes.
Measurement was also made of the gross beta
activity of all the samples.

To facilitate the processing of the htrge num-
ber of urine samples sent from the field, a scan-
ning method for beta measurement consisting
of a Lntsic oxnhtte precipitation with a lantha-
num carrier was employed on an aliquot of the
24-hour urine samples. This method rapidly
concentrates the radioactive elements into a
small volume and eliminates the normal K’”
background. .% carbonate prscipitmtion of the
entire 24-hcur sample increased the sensitivity
of measurement sufficiently for armlysis of
samples collected later than 2U months Post
detonation.

The beta activity w-ascounted with a thin end
winrlow Geiger-.Muller counter. The counter

w-m citlibratecl with a 1-:01 standard, und an
appropriate correction for self-absorption was
made using a SF standard.

5.32 Findings and Interpretations

1. Beta .Ictivity of the l-rine. Internal repo-
sition of radioactive elements was evidenced
I)y the presence of signitictint amollnts of beta
uctivity in the urine. This activity decreased “

rwpidly :M a function of time, M it was derived
chiefly from short-lived radioisotopes. For
example, at 3 months post detonation, the m~.in
iwtivit~ of tile urine of :~(luits from Rongel:tp
was X3 percent of the vall~e measured 45 days
post detolliltioll, :111(1ilt ~; nl~lltl~s, the ‘ictivitY
in the urine was’lmrely detect:lble in nmst of the
il]diyiduals.

( ‘ompurison of the meuns of the \lrine sim~-
ples for tlke :l(lults froni Rtmgelal) :1]}(I
.\il il)gillite itl)(l from .~meric:tlls from Iiol~~e~ik
illflimte(l tlli~t :Lt +5 (hiys !~(~st (l~t(~ll:itloll the



70 EFFECTS OF IONIZING R.4DKATr0N

Table 5.2.—Summary of Human Urine Analysis, Gross Beta Activity

Tn(z PoE’?
DXTONATTON 1}$ ~ONTNE 2)+ MONTHS 3 MONTHS 6 .MONTH!3

x-o. V0LU31X
I

D/M No. VOLUMZ 0/Ii No. VOLL’HC D/M 30. VOLUME DIM
(24 HRS) 24 Han 124HRS) 24 HIM

ML
(24HRSJ 24KM [24}1ss) 24HRs

ML ifL ML

Rongelap
Age in years I

A (<5) 7 165 404 I 8 360 12
B (5-16) 11 439 758 1’2 510 -

:C (>16) 31 581 1208 10 824 705 / 10 379 339 33 625

Ailhghae I

Age in years ~
A (<5)

i;
150 217 I

B (5-16) ~ 275 126 3 400 0
C (>16) ~ 10 722 553 ~ 12 655 0

American ~ 25 1158 309 I I

All valuec corrected for decay.

highest activity was in the Rongelap group large (Tublee 5.3 :md 5.4). This is chiefly the
(Table 5.2). fie .iilinginae group had Iesa
than half that of the Rongelap group, and the
.~merictins had about one-quarter the activity
of the Rongelap group.

The mean gross beta uctivity of the urine of
the three groups nbove was roughly propor-
tional to the external dose each group received,
However, n comparison of the mean beta :lc-
tivity of the urine of .ii]inginne imd .imerican
groups indicated tlutt the latter had a somewhat
lower nmount of internal contamination, even
thougll both groups received about the sume ex-
ternal dose. This mny be accounted for by the
fuct that tl~e ,\il inginue group drank contnm-
illated writer from open cent ninel~ Nnd ate con-
taminated food up to the time of evncluttion,
wherens the .-lmerimns iIlgested much less con-
taminate(l food illld water, since both were

largely stored in rlosed rontail~ers. In(loctri-
n)ltio]l of tl~e .imeric:tns voucerning rxdiation
lmznrds []l”ohllhly wns nlso it fnctor in reducing
tl~e :lmollllt of col)t:l)liill}ltiol~” which tl~ey re-
ceivecl.

‘~he v:lri:~tif)l~ of gross :lctivity itmoIIg tlw

i}l(liviflllnls ill :IIIy of tlw three grml[)s is qllite

result. of vilritltiOlK3in the quuntity of water
nnd both tl~e kind imd qmllltity of food in-
gested. The degree of exposure of the indi-
~~idu}ll to ~lir-hrne :lctivity is a]SO N factor in

determining tl)e individlml degree of cont2mli-
nntion. Wlii]e there were large v>lriatiol~s
:mmng individuals, the fhly-to-dily levels of :\c-
tivity for eilcll illdividuill were fairly con-
sistent.

Further illfornmtiou on the source of in-
(Iivi(lluil riiriutiol)s t~its obtili]led by grouping

tlw il)(livi(lunls fronl tl~e Rougelup tind .iil-
inginne group: uccording to iyge ( T’~bl~S s;) :lnd
;. J). ll~)ile tile }wtivity excreted per unit vol-
ume of urine is ilbout the same for both children
:tlld il(lllltS. tl~e nlenn ilcti Vity of the uriue ex-
cretwl ill 24 Imilrs I}y cliil(lren (In(ler 15 yenrs
wns signitiwlltljf Iawx+r tllnt) tlld excreted by

it(ltll~~. Tile duta :~vailable clo not indicate
tletiliitely wlletller the lower totltl excretion
ill(liciltes it sill~tller totul lJO(ly I)llr(lell ill the
(Il]il(lre]i Iesllitillg fmn] lower illllilliltioll :Lll(l

i]lgesti{~ll, or whether it represents :L hig]ier de-
,:!.R of ti~;ltiol~ (If the I.:l(lio-elel]lellts i)y ~rww-

itlg Imile.

.
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Table 5.3.-Goss Beta Activity in Urine of Rongelap People on 46th Day Post Detonation

CA9C!-.’0. ~TOTAL VOLUME B t?A;4W#? i CASE NO.
i TOTAL VOLUMX ~ BZTA AmImT

24 HRS (ML) 24 LLRS(ML) rJ/M/24 Mm
I ,

, —— —

.Age C 5 y; I
I

I
,4ge > 16 yrs

2 120 712 4 455 / 634
3 150 894 ; 7 810 1, 700
5 1 I55 313 ! 9 355 201

23 40 223 ; 10 980 549
33 260 0; 11 450 ‘ 1, 583
54 80 385 i’ 13 340 1, 677
69 455 301 \ 14

;: I ?:
Mean

\–~5—l—~~{ ; ‘47177

30 960 438
I 34 750 570

37 480 792
40 550 1, 450

—.—,
,1 46 330 495I

49 425 o
I 52 780 ; o

55 320 1, 080
‘, 56 700 ~ 3, 220

Age 6-15 yrs 57 550

1

1, 095
I

58 , i“ 2, 170
20 265 1, 900 ,; 60 580
24 560 o’ 62 980 1, 985
26 650 1, 032
35 255 iol%~nitffi
36 190 236 ; 68 300 2,010
39 280 1, 100 i 71 290 , 1, 450
47 650 1, 705 73 230 0
67 %0 674. ~ 78 965 52
72 110 465 2, 038
75
76 i :; ,l)ZIE1% I ::~:

.!
Mean ~ 439 758 Mean 581

I
1, 208

Values corrected for decay..

So correlation was found between body ings by the L’SNRDL, pwticuhwly the ratio
\veigllt of tile people from Rongelnp NM1 tl)e of tile ;I~.tivitiesi\nl[jtlg tlie three groul)s studied.
totul activity per 24 llwlrs excreted in their ‘Nw :lhsolute v;lllles of tlw :wtivity tletermined
urine. by X Y()( )-A\E (’, however, l~ere lot~er tl~:ln

Crross beta wt ivity measurements were illSO tile [ ‘S NRI)lJ ViLllleS I)y it (“ollStilllt fii~tOr.
]nide On tlie sumples sent to XY()(), .! F.(’.* 2. I{tldiocliemic:il .ltlnlysis of t[le (-rille:
Their results essel}tiully corroborate tl~e find- Kstin);lte of lhMiy llurdetl. I{il(liocllemic:ll

illllllvVSi S of tile ltollgeltl~) ~lril~e s}l!~ll)les ill~li-

•1’ws~jnul ct)[illl!llni(.uti{~nfrwm I)r. .J. Iinrley, SY( I(), ~’:~te(l tl)ilt tl]e itlkiilille eiirtll iti)(l riire e}tl”tli

.\ EC. ,~rf)ll[)s toget]ler contributed 75 percent of theF
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-i, -ezc . . . . ‘- .--l ‘.-A:””” . . . .
1 aDle >.+.~ro$s J3eta ActIvIty m Urine or reople rrom fillmglnae and me AmerxarLS

.41L1XCIXAE I .\!41RIcAss
DAY 46 POST DETONATION DAY 44 POST D8TOSAT!OX

(

C+sc No.
TOT\L VOLUME I BCTA ACTIVITY I

~ 24”HRs (ML)
cA3X .~o.

TOTAL VOLt’ME BETA ACTIVITY
dM/24 HR.T

,——
,p KM (Ml.) ~ D,M,24 KM

Age< 5 yr9 401 I ‘~
6 I 2

, 1!:: ,0

8 3 1,224 820
44 150 217 ;1 4 -MO 78

I
5 735 lo

Mean ------------ 150 : 217 6 900 248
7 1, 340 i

I 8 1, 410
9Age 6-15 YrS

, - i 12:
------- -

48 180 164 ! 10 ~ - I --------

53 11 1, 580 385

81 370 88 12 I 1, 460 0

;1
13 I 1, 810 965

Mean ------------ 275, 126 14 720 ~ 438
151 l:’~io

830
!, 16
~~

Age> 16 yre 17 ‘ 945I --------

1 900 18 1, 520 ; o765 I

16 827 19 1, 300 I 466

Ij!j

II 20 I 1,070 0
28 1202 ~ --
29

353

31 ~ 260 8L 1 ;! ~ ‘;-;;- ‘“-”----
41 ‘1
43 l:fi’7:::;l:’: 750

45 850 : 680 :
187i,

26 .510 ~ 323
51 410 400

27 ,56570 440 0,
28 I 1, 220 ()

_— —
Mean - .----- .----l

—
722 553

Mea]~. .----- . ..-.l 1, 158 30!)
i

Values corrected for decay.

betn activity nt +J tlwys post (Ieton;ltiou (Titbk of tlw llrilw~ the lMMly }) IIr(le II (tile r:tdioisotopi~

5.5).’- The predomi]li~nt ridiolllt’:lide is 5P, llelmsiti~)ll iu the tissues) \V:lsestil~l:lte(l. ‘l’lie

which contributes 42 percent of the tottd beta r:ltio twtw’cell tile il(.tivitJ’ ~jf tl]e urine illld the
wtivity ilt this time. ;~llwlilit of iw)tol)e tixwl ill tl]e lM)(ly is Iw{llil”e(l

.Issnys of tissile lllilte~i:ll m:de {~11lwole(l
snmples of Ilrille \vere illl ne~~:ttive withitl ex -

Iwrimentnl limits.

‘~]le eit~!~ 11[’llle SllIlll)\eS ill)il]~Ze(~ IJY t!le

r..~sr. (rflllede{l 1.->(l:lYs I)f)st (let~~ll:lti~)l~) COll-
t;tine(l fair :mmllllts of m(lioio(line ill ;L(l(litioll
to tile illk:llille iill(l I’:ll”l?Fill’tllS.

on tile I)mis of tile r:((iio(i~elllic:tl :Lti:tlysis

c
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Table 5.5.—Radiochemi~l Analysis of Urine From the Rongelap People (45 days post detonation)

Bt7A AIXIWTT-01M124 Hot,n

SAMPLE X0.
0E08~ BSTA

I .4CT1VW I i B@” ~ ‘%$;:;s+

1---------------------------------- 1370
2---------------------------------- 1260 1

3.-. --.. --... ------ .---- .-. -....---1 ;:%
4--. ------- . . ..1------- .-. --------- I
5---------------------------- ------ 1460
6--------------------------- ------- 1200

Average ------------------- . . . . . . . . . 1253
Percent of total Beta activity ---------- 100

—-.+ ——

490
510 /
480 ‘
626
328 ;
727 I

526 !
42 I

120
130
120
150
110
170

134
10.7

I 197
24’4
324

1
284
474
353

312
25.3

cm tile rndiooctive content of v~wious tissues. llresent in sigliitic:tllt iimOUllt9 ilt one d>ly, ilS

IXtilils of tlleanim}ll study nre presented in a
subsequent section.

The est im[tte of the menu body burden oft he
Rongelnp group ilt W dilys wtdetoll~~tioll is

presented in Table 5.6. Tlieboclyburclen utone
dny wns cnlculuted in the following mnnner.
.lformulnwns obt~lined from urint~ry excretion
&ltn reported b-v (’ONWU,I?iirttbeettl~d Imve (~)
ill n cme of i~~cldentill inhnlntion of Srw). The
excretion curve ws best represented by four
exponentitll terms. ( Very similnr results were
obt}~ined by i~l)proxinliltill~tlte biologi{vd d~i~~
of strontium with tt power functiou, bitsed on
llumnn excretion of the nletddicilllj’ Simililr

element, ridum) (6~7,8).
I%timntes were mwle of other ritdioelenlents

+]lotvl~illT:tblefi.fi. These estinlutes were rnacle
m] tile b;wis of tile level of .SIA!’:~t one (lily, tO-
t~ef]ler trit]l tile (I;lt:l 0)1 t]le iictivity of tile vitri -1-
ous Iissim] I)roflwts ilt this SillIle time (~)) Xllcl

illlilnill iw)t(qw illXWUl)ti(lll :lld retention (lilti~

(1,5).

The r..~sr, Ililslllw)estinl;ttecl tl~e hmly t)llr-
(leu :tt mle dNy, ou the Imsis of HiLlioclIemiCill

illllllySi S of IXM)IHIurilw 5/11111)143sfl”[NIl il repre-

selltiltive flllnttwr of tlM?Rmlgel:t~) :IIIL1.\meri -
c’:lllgl”olll)s(li)). ‘~lleSe cillcllliltiol) S\Verel)ilSe(l

ml tl)e ;lllillySiS of l’”; l ili tile eiirly SilmpleS Of

(Irille ( 13 llil~S lmst tletOlliltiol}) :[s well :(5 tile
:ll~{]ve Ilwtltiotle(l l)l~~sic:tl :Illtl hiolo:ic:tl (Iltil

ON tissioll lm411wts ( 1.5,!J). ‘Meir fill(lill~s~l~”e

Table 5.6.—Mean Body Burden of the Rongelap Group .

1
AcTIvITYAT , icrfvrrr AT .$~;~A: <T

RADIOIW70P8
82 i)AYS I i)AY !

+ w
(IJS>fill)L) ((, s\ltl)l.) ‘ (I,,is [,)

—.— _.. -—— -———- —.. ——-—

s+ . . . . . . . . . . . . . . . . . . . . . . . . . . . (), 1!) 1.6 2.2
BaleO.-- . . . . -- _--. _. . . . . . ..__ . . . . ...’ 0.021 27 [). 1+
Rarcrarth group .- . . ..-. . . . ...1 0.03 1.2 , —
IIU(il] thyrOld) . . . . . . . . . . . . . . ~ ~) 6,4 , 11.2
Rim. . . . . . . . . . . . . . . . . . . . . . . ~ — — (). 013
Cab’. . . . . . . . . . . . . . . . . . . . . . I O () (), {)1!)

Fissile material . . . . . . . . . l) () ; (). 016 (pfcrn)

:Ml?]u {) —-3(;-(;
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On the basis of an assumed uptake of 20 per-
cent per 24 hours. the integrated dose to the
thyroid from 113’ and other shorter-lived iodine
isotopes WM calculated by the LTSN’RDL to be
mbout 100 rep. The LASL has estimated that
this dose wns about 150 rep for Rongelnp group
and 50 rep for the Americans.

The differing approaches used by the
USXRDL and the LASL for estimating the
body burden gave results which, except for
Bal’o, we very close.

The mean body burdens of the individual
nuclides presented in Table 5.tl were calculated
for the Rongelnp group. Values for the
Ailinginne group were approximately half
those of the Rongel:lp group, and vnlues for
.%mericans, about one-fourth those of the
Rongsdnp group.

The totnl amount of radioactive material
present in the G. I. trnct at one duy post detona-
tion in the members of Group I was estimated
ns npproximntely 3 mc. This activity was con-
tributed chiefly by isotopes of short mdiological
find biological lmlf-life and limited volubility.
Thus tile levels of nctivity in the tissues of the
body were relatively low. The concentration
of radioisotopes at 6 months post detonation

wns hnreiy (Ietectahle in the urine of most ex-
posed imiiviciunls.

Iodine, which is quite soluble, is probt~bly
tile most Ilnznr(lous illternnl radioernitter in the
early perioci following exposure ( 10). The
dose to tl~e thyroid wus ap[}recittbte, but low
rOmplllWl to t]le ~)}wtinlly w tOtnlly nblntin~

closes of I’ll used in thernpy of llyperthyroidisrn
or cilrcinomn. .lt one dny post (Intonation S~’
was c:riculnted to be nenr tile rnitxilnllnl per-

missible Ieve[ ( h) for t Ilis nurlide. .ft later
times following exposure, this longer-lived fis-
sion prmiuct presents tile greiltest potei~ti:tl in-
terIlill l)aznrcl.

Tile I)resent stu(ly confirms tile t)bserv:~tion
m~lde in illlimnl experiments thnt most of the
r:ldioilctive elements formed in tission ilS well
il$i the fi.ssi le rnnteri:i 1 itself. ilre not rea(lily :lb-
sorhwl from tile Itlt)gs :1])(1tile (;. I. trwt. (h~ly
1, Sr, 1111illl(l il few of tile I’ilre e:~rtll elements
were :~tjs{)rtxxl to :l]iy sigllitiwl)t ([egree.

An attempt to measure bone-fixed radioactive
emitters by means of sensitive film badges taped
below the knee, over the epiphysis of the tibia .
on a number of persons, yielded no positive
results.

No correlation could be obtnined between the
degree of internnl contamination and the clini- -
cd and hematological findings. In view of the
short half-life of the most nbundant fission
products deposited internally in this situation,
the possibility that chronic irradiation effects
will occur IS quite small. Thus. an evaluation
of the clntn on the internal contamination, in-
cluding thitt of S&, leuds to the conclusion that

the internal haznrd to the contaminated inhi~bi-

tnnts of the .Marshall Islnnds is minimal both

from the ncute nnd the long rmnge point of view.

5.33 Source of Internal Contamination

The fnllout material consisted largely of
calcium oxide nnd calcium carbonate. The
fission products were a&orbed mninly on fairly
large particles. The mnterinl vms 10 percent
soluble in ]vnter, and completely soluble in ncid.

Internal deposition of fission products re-
sulted from inhalation and ingestion of the fall-
out material. Ingestion :tppeilcs to be the more

important of the two routes of entry into the
Imdy. The activity in the air settles out fnirly
rilpidl~, but contitminntecl food, writer am-l
lltensils retnin their iwtivity for long periods of

t ime.
Tl~e nnmunt of tission products renching the

l)lwxlstre~m through the respimtory trnct is a
flllwtioll of pt~rticle size nml volubility of the
iiirllorlle contaminants. The pnrticles with
which tlw act ivit y W:W as.socinted were con-
siderably lil;gel’ tlmn tlie optimum size for
(Iepositiou ill tlw iilveoli~r tisslie of the l[lng.
Tlltw, the probability of tl~eretention of inlulled
itirborne contamination l~iLS llOt ilpp~~i:lble

(Iliring the exposure perio(l.
Tile Iiypot]]esis tl);~t ingestion was tl)e (’llief

source of il]ternal COlltitnlil liltiol} is s~lpported

by the tit]ding that tlw gi~stro-ititestll)iil tr:wt,

its (wlltel)ts, i~)l(l tile liver of :llltopsiwi rhiciiens
tlll(l [)igs sll(’rifice(~ ilt e:llrly inter Vill S following
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detonation were more active than the alveohw
tissue.

The importance of in~estion as a continuing
source of contamination is evidenced by the
level of internal contamination of the pigs from
Rongelap. These animals had about ten times

the body b~lrden of the human population in
the same locality. .% the air-tmrne activity
hnd already dropped to a low value at the time
of evncuaticm of the humans, the contamination

of the pigs during their prolonged stay on the
island necessarily derived from ingestion of
rndionctive food and water.

Radiorumlysis of water nnd soil snmples from
Rongelap indicated high levels of contamina-
tion from the fnllout at early times following
cletonntion.

It appears that during the first month a
limited nmount of fission products wns nvmil-
able to plants growing on the contaminated
soil. Significant nmounts of beta nctivity ns
well as small nmounts of alphn activity were
present on the external surface of plants nt 42
days post detonation. Only very smnll amounts
of beta activity and no alpha activity were de-
tected in the edible portions of fruits such ns
pandanus, papayas and coconuts. However,
high levels of nctivity were found in the coconut
tree sap, and the isotopic concentration was
very similar to that of writer.

High levels of activity were found in fish
tnken from Rongelap lagoon. It appears that
the ingestion of contaminated writer and fish
were the principal sources of internal contami-
nation of human beings. of the individual
radionuclides, SP, because of iti high volu-
bility and relatively long mdioactive half-life
was probably the isotope of greatest potential
hazard in the environment.

Intemd Radioactive Decon.tarnhuztion Ther-
apy. Since there is no method of counteract-
ing the effects of radiation from internally de-
posited emitters, treatment consists of remov-
ing the nuclicles from tl~e body as rnpidly as
possible. The tibility of ethylene-diamine-
tetr:t-~wetic :wi(l ( E1)T.\ ) to mobilize certain
of the fission l)rw~ucts from tl)e skelet{m ikll(l

to incrense the rate of their excretion hLLSpre-
viously been demonstrated ( 11–13 ). It is most
effective with the rare earth ~-up, but has
no effect on strontium (13). These studies have
shown that most of the biologically haznrdous
materinl remaining in the ‘body is firmly fixed
in bone within a short time, so that effective
systemic decontamination by chemical agents
cnn occur only in a short period following ex-
posure. Nevertheless, an attempt to effect in-
terrml decontamination was made 7 weeks post
detonation, since it would mobilize and make
detection of isotopes easier, even though it was
renlizecl that the procedure would hnve 1imited
value at this time.

.i representative group of seven individuals
from Rongelnp were selected for this study.
During a control period of 5 days, 24-hour urine
snmple9 were collected daily for radioannlysis
in order to establish a bnsal excretion rate.
During the next 3 days, calcium J3DTA was ad-
ministered orally, 1 gm per 25 lbs of body
wei@ daily instead of the preferable intra-
venous clrip because parenternl thernpy N-m not
practical under the circumstances.

Twenty-four hour urine samples were coi-
Iected d~iily during the treatmel]t period and
for 5 dttys following trentment to determine the
eifectivel~ew of El )T.i in accelerating the ex-
mwtion rate of the rndioelements.

No side effects from the lwe of EDT.% were
observed. Blcml colmts and blood pressure re-
mained unchanged thtwuglmut the trentment.

The mean :ictivity of the urine during the
NI)T.i treatment period was 2.5 times the ~e-
trentment activity. The probability tl~itt the

(1i tferences observed are cl~le to chance is less

than [).01. ‘Ilus the mm] administration of
l~;DT.i for a perioll of:] tluys beginning 52 days
post detonation increwxl the excretiou rate of

internu]ly deposited tissiou productsy Inlt the
over-al 1 effect on ckcreasi Ng the bmly burclen

wvtsslight, as the excretion rittC!S were very low

itt this time.
,$un~n}w-y. The tirst instalwe of i~itern:t1 (de-

position of mixed tission prmlncts in Illlmnlls
OCCIIIT(X1 11Sit result of f:liiOUt foih)t~ill~ :t t}ler-

1



76 EFFECTS OF IONIZING RADIATION

monuclenr explosion. This internal contami-
nation resulted from both inhalation nnd inges-
tion of fallout material.

High levels of activity -were found in wfiter
xnd on the external surfaces of phmts. The
contamination of the internal portions of fruits
and vegetables was smnll. Of the individual
radionuclides, S&, because of its high solubil-
it y and relatively long radioactive half-life was
probably the isotope of greatest potential haz-
ard in the environment.

Few of the fission products present in the

environment were rendily absorbed from the
lungs and the G. I. tract. Radiochemieal anal-
ysis of the urine sumples from the RonPwlap
people indicates that Sr, Ba find the rare earth
group together constituted 75 percent of the
total beta iwtivity of the urine at 45 clays post
detonation; SP wns the predominant radio-
nuclide at this time, contributing M percent of
the total beta activity. .bsays for fissile mn-
terial in the pooled urine samples were negative.

The human body burden of individual ritdio-

nuclides was estimated from radiocl~emical
analysis of the htrmi~n urine and of the tissues
and urine of animals from Rongelap. The
mean body burdens of the rnclionuclicies ili the
Ailinginne group were ilpproximately one-half
those of Rorqzelap, and the mean body bur-
dens of the .imericans about one-fourth of tile
Rongelup group. While the activity excreted
per unit volume of uri ne was the same for adults
and children from RonAwlap, the total activity
excreted in the urine in 24 honrs by children
under 15 yews of i~ge wwj si-m iticant 1y lower
than that excreted by tl)e adults.

Tlii total amount of rwlioactive niateri;ll in

the G. 1. tract at one day post det(mation was
estimated to be :) mc in imop]e from Ronxela]).
This activity wns mntrihi(te(l chiefly tjy isotolws
of sl~ort radiologic:tl :ln{l hiologiciil I]ttlf-li fe
:t])cl limited s(dllbility, :LII(l tlllls the levels of :Ic-

tivit~ ill the tissues of the }Nxly !vere rel:ttively
low. Tile concentration of r:t(lioisoto[)es nt 6

lnontlls Ix)st (letollilti Oli Iv:ls b:lrwly (Ietect:tble in

tile Ilrille of nmst f~f tlw exlmswl illtlivi(l[lals.
‘1’lle estimittwl {Ifhe to ttw tllyroi(l froni 1“”

~~11(1t)tlwr ~llf)rt-lirwl iwlille isotol)es lr:w 104)

to 150 rep for Rongeli~p. Iodine is probably
tl~e most hnzarclous il~ternill rxdioemitter at
early times after exposure. The dose to the
thyroid. illtllOll$Zll greater than tolerance, J~as

low compitred to the pitrtiillly or totxlly ab-
lating doses of 1’3’ used in tile treatment of
Ilyperthjwoidism or citrcinoma.

M oue day post detonation, the concentra-
tion of SP’ was calculated to be near the maxi-
mttrn permissible level for this nuclicle. .\t
later times following exposure, this longer-lived
Iissirm product presents tile greatest potential
internnl hazard.

oral administration of calciunl EDT.\ be-
ginning 7 weeks post detonation to n represent-
ative group of individuals from Rongelap in-
creased the rate of excretion of activity 2.5

times. Ho\vever, the decrewe of the body bur-
den was s]ight, as t lie excretion rate was very
low at this time.

Analysis of the illterllill rontrtminntion in-
dicates that the dose to tile tissue of the body
wns near, but,, with excel) tiort of tile close to tlie

thyrwid, clid )lot exceed the nlaxirnurn permis-

sible dose levels. Tl)e :tctivity tixed in the body
decretwe(i rnpidly os a function of time. The
col]tritmtiol) of tl)e etfects of interl)al cmltami-
nation to the totiil ril(liation response observed
xl)pears to be small on the hnsis of tile estimnrecl
body burden of tile radioelemetlts. In view of
tile snort ]mlf-life of tile most Ill)llllClitl\t tissioll

products ill tile Situiltioll, tile po~sihility tllilt

clironic irradiiltir)n effects will occur is small.

5.4 Ipternal Contamination of
Animals

‘rHK [X’IWIOI.tr. ( “f~NT.lMIS{\T!tJN Of :1 Illlllli)et’ Of

:tl~imais (Ot)lle{”te(l oil [tot}gelitl) ww studietl. Tile

:1~’tivity in tlwir llrine w:ts studied, itll(i ril{lio-

C’llellliCill ilIlitl~SeS were Ill)lde of various tissiles.

Tl)ese data I)rovided tile b;lsis for estinmting

tl)t! I)()(ly I)tlr(lell of tile rii(lioisotol)es 111IillltliLIl

Iwil)gs. 1)1 ;L(l(litiolt, Ilellliltologi( ”:ll” ill)(l l):ltliO-

Iogiv:tl st(l(lies \l’el”e lllil(lP, >111(1il(ltor:l(liox[”:ll) n+”

(.)t’ SVle(”te(l tiss~ws \Vl?IW [)l’t’l)ill’($(l. .i Illlllll)er

of tlw :Illill);lls xre :[1s0 lwill~ >tliliie(l for [l~e
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~~l)pe:~rnnceof possible long term effects of
r:~cli[ltion.

.~ q)~i;~l study W:IS c:~rried out to determine

tlte e!fect of tile radiatiol~ on the fertility of
ci~ickens aid the matchability of their eg=m.

The xnirnnls collected from Ron~eh~p and
I“tirik included 41 chickens. 9 baby chicks, 11
swine. 4 clucks nnd 1 cat. These were shipped
~tlive to the l“S~RDL. Three fish md one
large clnm were taken from the Rongelap ln-
goon. Collection dates m~d mortnlity dnta for
these nnimals we presented in Treble 3.7. In
:tdditiom a boar, a cat and two chickens were
~llltopsieci in the field, tlnd representative tissues
were collected.

5.41 Methods

Tissue samples were tnken from all animals
which clied spontaneously or were sacrificed.

Specinlells }vere obt ~~ine(l f ronl tile lung, 1iver.

G. I. tmvt an{l tile skeleton. The sittnples were
itslltd at 550° C. in a muffle oven, and the nsh
mil[[e llp to volume with 2 X H(’1. .in i~liquot

\v:u3 then (lried for bet:~tnew[remeut. The beta
:ictivity IVaS determined by means of a thin

end- window (lei~er-X1uller counter. SP9 ws
used ns the bnsis for the mass absorption cor-
rection for the samples, M it was the major
rndioelernent deposited. The correction cd-
culuted is :ln approximation, NS t]]iiss absorp-
tion is n function of tile nvernge energy of the
SiilIII)le. Ik?tit activity wlls nlensured in tOtnl

&m. itncl this value ws converted to Pc, “SF’
equiwlent.:’

‘1’l~egammu activity of the tissue snmpies was
measured in n well-type sodium iodide s4-intil-
Iation counter which has all efficiency of wbout
+() percent for n Co’” stitnd:~rd. The gamma

Table 5.7.—Mortality and External Radiation Dose of Animals From the
Living Areas of Rongelap and Utirik

.:
I SEatXX A Sm[as B S*BIXX c SCB]ZS D ‘ TOTAL

EXDm~AL ;
I
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}ictivity was obt~lined in total Wm, :~nd W$
converted to pc “Co’W equivalent. ”

Samples were analyzed rndiochemically for
5P’, Da””, the rare earth group, 1’3’ and tissile
rnaterinl.

For excretion studies, the animals were caged

individually, and their excreta collected at 24-
hour intervals. The feces and urine of chick-

em were collected nnd ashecl combined, but were
collected :~nd mheci separately for the pigs.
Ileginl] ing 5 weeks post cletonat ion, the excretm

of a representative group of chickens was col-
lected at weekly intervtls for a period of 2%
months. Collection of pig excreta was begun
xt. 6 weeks post cletonation, and the collection
-was mnde at weekly intervals for a 6-week pe-

Table 5.8.—Radi*emiml Analysis of Tissues and Urine of Pigs From Rongelap on
82nd Day Post-Detonation

Bsm Acnmm -DMTOTAL 8Au n-s
—.

snobs S+* ~14c TOTAL

SAU?LX ACTIVITY ltAaZ CASTE

x 10+
xmj -I

x 10-1
.__. —-—-—.- —.— ,—— ———-

Pig #24 (25.8 kgm)
Skeleton (total). ------------ 8890 ; 5660 660 I 1010

Liver --------------------- 31 I 0.40 0.33
Colon & Content9---------- 12 5.0 2.4 i :;

Lung (Alvmlar)------------ 1.5 0.22 0.20 I 0.0
Stomach ------------------ 1.2 0.22 1.1 ; 1.3
Intestine (Small) ----------- 23 0.62 ~ 0.50
Kidney --------- >---------- 3.3 I 0.21 I
Remaining Tissues---------- 690 ‘ ------- ..!.:2 I .!”!!.

Total --------------- 9630 5667 —l—“ 665 1020
Urine Sample, 24 hr- -- . . . . 13 a7 1.2 1.6

.— ,.— —
Pig #25 (22.7 kgm)

Skeleton (total) ----------- . 8600 51OO 530 600
I.iver -------------------- - 27 0.53 ~ 0.20
Colon & Contents-- ------- -’ 16 5.o ~ 3.2 ~ ;;

Lung (Alveolar)- ---------- - 1.1 i 0.26
I

w 23 I 0.33

Stomach-..------.-_-----.l 2.0
::1::~

0.30
Intestine [Small). ---------- 2.6 0.88
Kidney -------------------- 3. 1
Remaining tissues- --------- 220 -.0.’4 I -0’9 o.52.- ----- .-

~_ . —
Total --------------- 8870 .5107

~ 44
534 702

Urine Sample, 24 hm - ------ 6.2 0.40 0.54
1“

SUMMARY
—.

Ouwo BKTA Acrrvrrr SKELETON I TOTAL 130cw \ ~~NE (24 EM’
_—— . —-—! —.— —,——

I

S@ . . . . .- . . . . ..---- .-.. ------------------1 620 I 5ao ~ 6!). O
Bate ------------------------- . . . . . . . . . . .
Rare Earth -------------------- . . . . . . . . . . . . I ~~ ~ ~~ I 7.!)10, 5

l—’—-
78. .5 73. 5 , 87. -4

All val IIIw corrected for decay.
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riod. Radiomlulysis of the excretzz was per-

formed in the same manner as tllitt of the tissue
snmples, described iikve.

5.42 Findings and Interpretation

Grow Ohwmwtionv. The animals had been
free on the islunds. .Ilthough malnourished,
they showed no other evidence of disease.
.iutopsy of two chickens which died during
shipment reveahx-i no pathological tindings that
could be associated with radiation.

on the basis of all assumed 12-hour effective
fallout time, the animals from Rongelup re-
ceived an integrated external dose of 280 to
360 r, depending on the date of their collection
(see Table S.7). The pigs from Utirik received
a calculated dose of 32 r at the time of their
evacuation. The animals all showed extensive
external contamination, rangil~g from 0.5 to
5 rnr per hour at 30 days post detonation. This
activity was reduced ilbout 73 percent by a
washing with water alone.

Radioactivity of Ti.wua and Excreta. The
gross beta activity of the pi=% at 82 days post

OF RADIONUCLIDES 79

detonation was about 4 UC. The distribution
of activity ill the individual tissues is shown in
Table .5.8. over 90 percent of the beta iictivit~

was localized in the skeleton. The l~ighest nc-
tivity in a soft tissue was foul~d in the liver,
wl~icll liadt l~owever, less than 0,5 percent of the
total body burdeu. The colon contents had the
second Ilighest, activity for the soft tissues, about
0.24 percent of the totiil. The alveolar tissue

of the lung lmd an activity less thw 0.02 per-
cent of tile total activity in the body.

Gross beti~ and gamma activity of the chick-
el)s at 74 days post. detonation was approxi-
mately ().2 pc. The gross ad ivity per body
weight of the chicken is approximately tl~esume
i[s th+ltof the pig. The distribution of iwtivit~

iu the tissues of the chicken (Table 5.9) was
very similar to that in the pig. Most respiratory
radio activity was localized in the turbinates,
as a result of entrapment of the large pnrticles,
wi~ich could not penetrate to the alveolar tissue.

The bet:~ activity in the slceleton of chickens
:tt 160 days clropped to 4 percent of the value at
~~ duys p(~t detoli~ltion, wl~ile in the same pe-

riod the ~amma activity dropped to 0.2 percent

Table 5.9.—Beta and Gamma Activity of Chickens From Rongeiap (xx 10’)

DAY ANALYZED”” . . .. I DkY 24 I D&v 24

T 130UB ‘BX?A (3AUUA BXTA GAMMA
— ———

Tlbh . . . . . . . . . . . . . . . . 7W0 3s$0 8180 46i0

Skeleton . . . . . . . . . . . . . 11020 Mam 11~ 6e400

Live . . . . . . . . . . . . . . . . 119 21 331 271
Ciizzard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
(31z2ArdTcmltent) . . . . . . . . . . . . . . . . . . . . . . . . . . .
Crop . . . . . . . . . . . . . ---- . . . . . . . . . . . . . . . . . . . . . . . .
Inwstloe (L) and

contents . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . .
Intestine (S) wd

~~::::::::::::::1 -----::::::: :::::::::::

3CJdnw . . . . . . . . . . . ...! ‘---”

Splee n, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

198 46 . . . . . . . . . . . .

Lunzs (Alveoli) . . . . 17 2s 028
Trachea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Turbmatea.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

HXN 429 ] HCN K16

\——

HCN KM

l)AY 74 I)AY 97 l)AY 121

[}AY 79 DAY 1(J7 I DAY 122
;—

BmA GAMMA i BHA OAAIMA I B~A OAMMA

133 ml 233 I 215.5 w

Ie30aec41 3670” ] 31al w“
12 72

4. I 17

0.93 –

0.43 50

0.63 10.0

L 6 40

0.16 –
—.

1.17 9.0

0.57 4.0

0.24 ’20

3.87 19

34~3232

70 8. s 7. e
. 1.4 —

2.0 7.9 —

3.0 6.3 —

3.0 —

— ——

10 ——

9.0 14.2 10.0

2.0 1.4 4.5

1.0 10.7 3.7

22 15.3 7.6

!
3K?A OAMMA BCIA GAMMA I

4!.3 31.3

ml 454”

17,7 13.5

10.3 79

7. 5 1.2

12.2 9.3

14,0 10,7

8.4 & 4
-—

—
14.9 12.4

5.6 43

0,9 l). 2
——

22.2 8.1

427

1

117 $*

10.7 18
3.6 0,6
() 0.3
4.5 1)

8.9 0.m

. . . . . . . . . . . .
0.is o
O.al —
0.79 1).23
16.8 (),83
——
— -1

J
“CalcuIated uwwratioofmmma activity skelctonltihta.

““DaY post detonation.
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of the 24 day value. These data indicate that
The residual total beta activity found in the

most of the activity is associated with short-
tvvo larger fish at 4 months post detonation av-

lived isotopes. The initial drop in activity is eraged 2.5 PC (Table 5.10). There ‘a% at ‘he -

very rapid, and after 45 days the decay curve same time, about twice M much gtmma activity.

is essentially that of S@’, the most abundant
The tish were collected ,56 (li~~s post detona-

of the longer-lived elements deposited. tion, and the drop in activity between tllilt tinie ,

Table 5.10.—Bem and Gamma Activity of Fish From Rongelap Three Months Post Detonation
1

.

FUR #l (SIBCm)

Ba, Sr \ RADIOCHXMWALASALYSIS (PcIL-
1 OWJSSAJTIWTTv ANORAM CENT) IX Ba, SK AXD Rc

E Amrr rllACTIOX
1- TOTAL

ACTIVITY! RARE

I Bs’?A GAMMA (PEBCXXT)~ sr@ Bal@ EAEWI

-1 ,—.—
Head- .----- .-------------, 0.568 1.26 9.9 I 38-3 9.6 32. 1

3:ales+Fins+Tail---------] O& 0.58 9.5 : 17.4 ‘3.9 727

Viscera -------------------- 236 48.0 I 1.4 0.6 98.0

Gil---------------------- 0.160 0.43 7.8 13.9 6.7 79. 4

Remainder of Body --------- 0.596 I. 78 8.3 45.2 11.2 43.6

——

Total --------------- 2724 6.41

FISH #Z [.WiGM) FISK#3 (l&3GM!

;&)A~ A~VITY. K GROS.. ACTIVITY, X
GAMMA BSTA (?AUUA

—,
I

Hed--...-------.--.-----~
Scd~+Fins+Tail...l ~;%

O.23
0.23

Viscera --------------------- 1.620 214

Gllk.-------------.------- 0.043 0.09

Skeleton------- . . ..--. -----l 0.197 0.35

Muscle -------------------- 0.151 0.53

l——
Total--------- .-----l 2179 3.58

CLAM#l

0.045 0.017

0.058 0.084

0.115 0.205

0.023 0.011

0.030 0.070
I.).038 0.074

0.301 0.461

TOTAL BCTA A~+3.4Xlti D/M
————

RADUXIIZMICAL AN ALY~

PSRCX.W
or TOTAL

RADIOELEMCNT .Umrvlm

2+---- . . . ..-. ..--. . . . . . . . . . . . 21.4
Rul~. ~a---------------------- . 324
other. . ----------------------- 11.4

Sr=. . . . . . . . . . . . . . . . . . . . . . . . . . 0.7
Baa@-------------------------- 0.7

Rare Earths . . . ..-- ..- . . ..-... - 33.4

samples collected two months post dctonatlorl.
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:md the analysis at 4 months represents only
radiological decay. Thus, the results are not
directly comparable to those obtained from nni-
mals which w’ere returned alive, nnd in which
biological turnover as well as radiological decay
were operating.

The largest fmction of the gross betn activity
in the fish was contributed by the concentration
of radioactive muterial in the viscem. In two
of the fish in which bones and muscle were sep-
arated nnd analysed, equal amounts of nctivity
were found in each fraction. However, the
storage of these fisl~ in formaldehyde for 3
months may have permitted the diffusion of
the radioelements from bone to muscle to take
place. Further studies on fresh fish will clarify
this point.

The contamination of the fish in the lagoon
was considerably =~ater than that of the land
animals studied. As fish form a large staple
item in the diet of the Mwshallsse, the high
level of contamination is important.

At the end of a 2V2-month experimental
period. the excretion by the chickens of both
beta and gwmnu activity per 24 hours was 5
percent of the value measured at the start at 37
days poet detonation (Fig. 5.1).

.*nalysis of pig excreta indicated a similar
decrease of tictivity with time. In * 6-week
period, the gamma activity excreted per 24
hours decreased to about 2.5 percent of the ac-
tivity excreted tit 44 days post detonation.

The excretu of the pi= from Utirik contained
less than 10 percent of the gross beta uctivity
found in the excreta of the pigs from Rongehp
at the same time. This ratio of 10 was approx-
imately die same ratio found between the ac-
tivity of the food, water znd soil samples of the
two locations.

Rao?wchemicuJ Am..?yA of T&we.~ und A’z-
crcta. Radiochemical analysis of pig tissues

indicated that W percent of tlie skeletal betit

;Lctivity w-as derived from .+[@. 7 percent from
lhk”o, and 10 percent from tile r:ire earth ~woup
~lt 82 dtiys post (Intonation (Titble 5.8). The
mdioisotopic composition of tlie ltrine at this
time was similur to tllilt of the skeleton. TIIe
(distribution of activity in the body of die I)ig

mny represent the distribution in human beings.
The absolute amount of internal contamination
in the Rongelrtp people Wtist however, only a
tenth of that found in the iinimmls.

-\t 1 months post detonation, the alkaline
earths comppised less than 2 percent of the total
wctivity in the clam (Tuble 5.10). The rare
earth group constituted 33 percent of the totul
beta activity. The balance of the :lctivity was
contrib(~ted chiefly by ~r!’s (21 percent) und
Ru’””w (32 percent). .$bout 50 percent of the
material found in the viscera of the fish was
of tl~e rare enrth group. Very small ILmounts

of strontium and barium were found. In the

tissues of the tish, strontium, barium und the
mre earths contributed only about 10 percent of
the total activity.

5.43 Autoradio~pb

.k numlw of autoracliogruplls of the tibiae
and femurs of 1 chick, -4 pigs, 1 rooster and 2
chickens were ljrepared Ijoth at the L.-SXRDL
and at the .~rgonne Natiomd Laboratory
( .%NI.) to determine the pattern of deposition
of Iission products. (:ontact printing on X-ray
uo-screen tilln was fhund to be the most satis-
factory method of preparing the autoradio-
m-aphs. Tile discussion and conclusions pre-P
sented below summarize the tindin~m reported
by Sorris ( 15).

The tiutorrldiogrnl)ll of a tibia from n chicken
sacri i-iced at 45 days post detonation (Fig. 5.2)
indicnted a reliitively ur~iform distribution of
the nctivity throughout most of the bone, with
the nighest concentrateion of M ivity in the area
w.ljacent to the epiphysis. This :men of Iligh
:wtivity corresponds to ikn ilretl of dense tlWbe-
clllar bone. ‘

‘l’lie tibia ;III(I femur of ii l)iib~ Aick, which
(lied sIwlt/lneollsly 47 (I:lys I)A tletol~)lti~ll<
sliowwl tI1e lwaviest c(m(’el~trntiou of rn{iionc-
tive ttlaterin] it] tl]e {Iiq)hysis ( Fig. W). The
efi(l regimh of tl~e bone, wllidl were lili(l dO\vn
xfter tile itlli I1l/llS \sere removwl froll~ tike con-
tantitiitte(l etlviro])ilw]it, were relatively lacking

i n m.tivity. ‘rhe wgiol~ of greatest :tct ivity was

it~ tile (lii~l)tlyhi% wllivll :l~)lxmrwl to be ab-
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IIormNlly mmstricte(l, possibly bec:mse of a de-
free of il(.ti Vity ( IJig. 5.-l). .is ill tlw clii(”lc

crewxd r:tte of eidostenl resorption.
,Iescribe(l ;ti)ove, this il~~(t rorres[N)ll(is tO tile

A til)i}t from u l)ig swritice(l 45 (Iuys ~mstdeto-
gr(},vt]~ \vI;jc]l took l)lit~e nfter the :lIIIIINIIl~ils

]mtion Iiil(l illl :tl.e;t IIll(ler tile grotving e[)i[)hysis
rpIIIOVW~frolll tile itll%l of cotlt:tIllitl:ttiol].” ‘I%e
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t *’
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Fmuuc 5.Z—Autoradi~aph of
detonation

mttrrow cavity in this tibiu contuinecl ilense
trubecular bone ulon~ its entire length, u forma-
tion not normally found in mwnmolian bones.
There are also two distinct areas of increased
clensity in the trubeculu.r region, which appear
as two lines of racliotwtivity in the autorudio-
gruph. The center of the diaphysis wns ab-
normally thick, possibly because of w fuilure of
the l]ornmi resorptive process.

,

tibia of chicken .vacrificed 45 daV8 po8t-
(.4NL).

No other evidence of N double line of rwiio-
active &posit nppenred ill the :u]im:ds studied,
except ~mssibly in n sow sacrificed 38 days post
exlmsure ( Fig. 5.3). Here a ftiint deposit of
:wtivity in tiie tmheculur lxme is noted, sepu-
rute from the Iiigher level in the epiphysis.

l~wney (S) hus shown tllut u typical osseous
tissue i1~ t lllb(X[[lil~ s[mce is u chu~jtcteristic

Ilisto[):ttliol(jgic:tl” tiding folhjwing r:diouctive
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.

* -

. . ...—

—

{deposition. For example, clinical stuclies lm
SIiOWIi tliat followirlg radium deposition in bo
itt~l)i CNl osseous tissue is formed in .c:mcello~

Irene. ‘1’Ilese formntiolls appe~tr as areas of
creased density in roentgenograrns ( 8).

It is ditiicnlt to interpret the anomaly in
l}ig, d~~cribed above, and the dense tr>lbecu
bone in botl~ the pig and chicken. Xo norm
controls tire available for comparison with th
itnimals, and the history of the animals from
time of exposure to the time of collection
not known. Severe dietary changes and disea
ilhMJ l)ro{~uce cll~tnges in the pattern of depos

t ion of osseous t issme, and such changes are ofte

indistinguishable from clmnges procluced

exposure to rildiiitiO1l.

5.44 Parhology

.Sections of luIlg, liver :~nd tibia, w well

thyroid ilnd otl~er enclocritle organs of most
tile fowl ~tnd I)igs dying SllOlltittlSf)USl~or s
riticwl, were Iwepared. .i few ptithOlOgiC
chmiges were found inc]u(iing illl iL~)lilStlC ma

row ill ~})le duck. However, none of tile cluing
conhl. [letinitely be ascribed to radiation. S

-.

‘t

tions of bone examined by I,isco at the .lN
1it SO indicilted no detectilble pathoiogicn

.;
- changes.
.,

5.45 Egg Production in Chickens

in hirds, extmord innry (Ienlnncls we rnmle
the {’ill(”iUfll metabolism iu the lwoduction
egg stwll, It wtw, therefore, of particular
terest to observe, during the process of egg p
IIlwtiouf the metdmlislu of those internally
l)t~itwl r:u[ioelemellts which me metnbolicid
similar to calcium.

Forty-four duys nfter detontltiol~, a group
hens from Rongel~lp hegim Ioying eggs for t
tilxt tin]e sin(:e their collectioll. During t
IIext month illl(l it half, ;119 eg~t !vere lili(l

13 hells. .tll of tlie eggs were Ilorrnul, exce
for two eggs from one hen which were la
witlw{~t sl]ells. The sl)ells were complet
wn~~th }1]1(1of norlllrll Sllil!)e. l’he weights
tll~ V:AWRlll$g?(l fronl 30 glWlllS to H-1 ~~illll
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but those from a given hen were of uniform
weight. In 14 eggs studied, the shell and mem-
branes weighed an average of 13.6 percent of
the whole egg weight, and the ashed shell
weighecl 6.8 percent of the whole e~~ weight.

These values are within the normal rm~ge for
eggs of domestic hens.

The gross beta und gamma itctivities of the
shel 1, albumen and yolk were measured in the
tirst 50 eggs obtained, and the gnmma :wtivity
of tile shell was measured in the remainder of
the egp. An increasing amount of gxrnma ac-
tivity appeared in the shells of the firstfew
egem laid by each hen. The maximum giimma
activity was usunlly noted in about the eighth
egg laid. After the activity reached a maxi-
mum value, the subsequent egeq in the series
showed n genernl decline in activity. Two ex-”
amples of this phenomenon are illustrated in
Figure 5.6.

The highest gamma iwti~ity found in it sin-
gle egg shell was 66,300” counts per minute,
measured at 60 days post detolliltion. For a
~nunrnuenergy of approximately 1 mev, this fig-
ure corresponds to 0.07PC. The yolks and al-
bumens lu~d much less activity t!ltin the shells,
:1s was anticipated. The average distribution
of gnmma nctivity in the eg~m is given in Table
5.11. The results of the rmliochemical analysis
of two eggs are presented in Table 5.12.

The tilkaline earths are tile principul fission
products deposited in the shell. In the albumen
itnd yolk, the betu activity contributed by the
alkaline earths was only a little greater than
that associated with the mre enrths.

The pattern of deposition of the radioactivity
within the ‘%gg ~~its tilso studied by metins of
autoradiographs. .~ series of 50 eggs were
l~ard boiled, sectioned, And itutoraciiographs
tvere prep~redof the cut SUrfilCeS. (Jnly four

of the yolks of these .Y) eggs were sufficiently
radioactive to pro{luce itlitO~ll(li{)gr!t[)llS ( see

Fig. 5.7 ). These 4 eggs were laid on succes-
sive {lays I)y tile stlnle lwn. There is a w]rrela-
tioll between the ril]p of raditmct.ivity in tl~e
yolk and dlose of [)ign)ellt.

The amount of :wtivity renwve{l frt)m the
Imdy {~f die cl~ic!cell thrm@I egg l:tying is very

3S1712 0—.56--7
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Tab[e 5,11.—Distribution of Gamma Activicy in
Chicken Eggs

I

I PERCENT or PCRCZNT OF
~TOTAL OAMWAI TOTAL BETA

I .4CTIV1TY .4CTIV1TY

kia_!Ql
Table 5.12.—Radiochemical Analysis of Chicken

Eggs

1BCTA .+CTIVITY, DI>IITOTAL Tws, C AT 4
MONTHS Powr DETONATION

SAMPLE ‘_ —

s@ \ BaI@ I RARE : (}RWX BETA
EARTHS I .\CTIVITY

I.. —J—.— ——

Egg SO. 27
I ‘

Yolk . . ..-.l :$55 i 546 66:! i I, 560

Albumen-! 52 i !)2 !)0 260
Shell . . . . . . 18,0S0 I 3, 520 6, 060 ‘ :W 000

Egg SO. 29 ‘ I
Yolk-c . . :{15 825 ~ !)!)~ I 2, 178
Albume n.: 45 1;12 i 132 I :\16
Shell . . ...1 22, 300 [ 4, 900 ~ 7, 830 :;8, 000

,

lullcllgreater tllilllthe aliloullt excreted ill tile
urine tilld feces during tile I)erimi of this study.
l~;gg [)r~uctioll in tile cl~ickeu re[)resents lL

uli-it~llef(nml of Ilatural decontamination.

5.46 Fertility and Hatchabiliry Studies in
Chickens

Fertility stl]dies 011tl~e u)ilt~iiIiil)ilte(l chick-
ens were beguli :\\Aiumnt hs l)(~st fletonat ion,
with tile IlliLtillg of liens and roosters :lll{i the ill-

cubatitm of tile e~gs {Jk:lilwt[. 111 tl]e first

l:lllt(.11 of 20 eg~%, “-4weue ililtCl~W1. one of tll~

cl~icks lla(i tlie cri[)[jlitig slil)[)e(l-tel~ll~]]l mdi-
ticm, ‘Lmligellit;ll [wr(wis, ”. \vllicll is tl{)t (uwOm-

]ni)ll. Rwli(mllalysis ~)f tlw chick tisslws ill{li-
c:~te(l tl):lt ot)l~ ;i btlr~ly (l~tect:\l)le i(ii)olil~t(If

l“a(lif)il(’tiW Ill:lteriill J~:W tl-:Ll~sfe~l”e~l tO tile

chi~’k, :lltl~t)llgll the Ilif)tlwr l~ell II:u I :~t this til~w
:111 :l~)I)l”eVii[ble(’olltillllilliltioll.”

lH :mottwr li:ttchsix tllotltl)s[)ost (ktoll:~tioll, ”

(;,-) eggs WPIY i])(.llt):ttwl. ( )f tlwse. ~~ l!”~l”eill-
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fertile, 3 fertile ones were opened prematurely,

11 developed cortlplete embryos but failed to
hatch, and 231 ive chicks were hatched, one of
wl~ich had congenital perosis. The hitter chick
ond six normal ones were sacrificed and their
tissues radioanaiyzed. .\gnin, only bnrely cie-
tectable amounts of internality deposited ac-
tivity were found. The remaining buby chicks
are being raised and observed for possible long
term etfects. .\t tlie present time i~ll the chicks
Nre growing ]lormally and are in good health.
(Vompariwm of tl~e fert i1ity and l~ntchability
(]atit of Rongel}]l) l~e]~swith those from domestic
hens does not. demonstrate i~l~~etfect of radia-
tion on these pllenomenn.

5.47 Inrernal Radioactive Deconrafninacion
Studies in Chickens

.1 study u-as Ilndertaketi to determine the
ability of both sodium EDTA and zirconium
citrnte ( 15) to il~crease the excretion rate of
il~ternally deposited fission products in the con-
tiuninnted chickens. On tlie basis of previous
experience, it $VilS I]ot eq)ectsd thtat nny appre-
ciable ciwofltill)lili:ttiotl could be efiected at the
time of this ex~)erilnent ( -1 months following
internal radioactive IIepositioll ).

The excretiou ~iites of 8 chickens with huge

Ixxly I)ur(le]ls of internal contaminants were
determined for a I]eriod of 4 days as the base
Iilie for tile study. Foilowing this, two chickens
were injecte(l daily I. P. with 75 mg. sodium
EDT.i for four days: two received injections
of 70 Illg. of zirconiunl citrate ( 15). itIld two
\vere injected with hotli zirconium citrate and

sodium 131)T.L Two chickens were kept m
wmtrols. Tl~e nwali beta itn(l gammu activity
excreted by tlwse chickens WM determined in-
(Iividmiily ftw each of the trtwtmwit (lays anti
for 1 Ilay followi]lg cessation of treatment;,
Xeither the zirconium citrate Ilor tile sodium
E13T.\ :Llt)ne \~its etfective in increasing tlie
excretion rate ilS refle{.te(l hy the hettt activity
Iilelwllrements umde. The combinwl iuiminis-
tratiolt of zircol~i~lm eitr:tte and sodium EDT.f,
however, fiouhle{l the excretiou rate of the btit

:wtivity. No detert:thle chnl)ge ill tl;e rate of

excretion of gamma activity was noted. The
excretion rnte of fission products at this long
I)eriod post contamination was less thnn 0.1 per-

tIle excretion rate
COHium citrate and
l~ificantly decrease

5.48 summary

Thus, the enhancement of
by tile combination of zir-
sodium EDTA did not sig-
the total body burden.

Studies of animuls provided data on the
nature and distribution of the mdioisotopes in
the tissues and the excreta. over !)0 percent of
the activity in the body of animals was localized
in the skeleton. The pattern of deposition of
the fission products in the skeleton seen in auto-
radiographs resembles that of the alkaline
enrt 11s. Morphological changes which were ob-
served in some of the bones may be the result of
tl~eexposure of the animal to external radiation,
aithough the effects of severe dietary changes
illi~ other disease cannot be rukl out.

The alkaline earths SrIIOand Ban” and the
rare earth group together constituted 75 percent
of t]]e gross beta activity in the pig at 82 days
post detonatiml. The fish and cl~m had mmuch
lower concentration of the alknline and rare
earths, und N body burden considerably higher
thun tlli~t of the l)il~d animitk

The internal distribution of fission products
in the pig is prohabIy representative of the dis-
trilmtion in human beings. .ln estimate cd the
human body burden wits derived from the data
on pigs.

Studies made on egg production of, contttmi-
tmted hens gave no evidence of ilny effect of
radiation. The rute of production ilnd the eggs
pro(lmwxl were both normnl. The extraordi-
nary ability of fowl to mobilize calcillm in shell
formatit)n rewllted in the presence of very high
activity it~the sl~ells of the ti& few eg~n. Tl~e

activity WM aswx”inted with the fission products
~}f the itlli~ilii~e earth group. .i siglkificnnt

il~lolll)t of activity WM found in the yolk, and

lesser amounts in the albumen. The removal
of iwtivity from the body of chickens by egg
I)rwiuctioll provides aII etfective natural Je-
corltittililitttioll process.



LWERNAL DEPOSITION

Fertility of the hens nnd matchability of the
eggs produced by the mating of contaminated
roosters and hens showed no etiect of radiation.
The baby chicks hatched from these eg~ are
growing normally, nnd the ~mount of radio-
activity in their tissues is barely detectable.

While the administration of the combination
of zirconium citrate and sodium EDTA to
chickens doubled the excretion rate of tission
products, the rate at this long time after ex-
posure was so low that the body burden was
little affected.

In the 6 month period post detonation neither
significant =-os-s changes nor patholo~ical

changes which could be definitely ascribed to
radiation were cletected in any of the animals.
(lross beta activity of urine and tissue samples
indicated that all the unimals had significant
internal contamination. The level of inter-
nally deposited radioisotopes in the pigs from
Rongelnp was ten times the amount in “hurnnn
beings from this areu. The cliffersnce in the
amount of internal contamination of the animals
and the huluun beings was the result of the pyo-
louged stay of the animals in the contaminated
:lreu. The chickens were found to have the
same concentr;ition of raclioisotopic material
[Jer unit of body weight as the pigs.

.\ll of the animuls remaining v-ill be observed
tht-oughout their lifetime for the possible ap-
pearance of tiny long term biological etfects re-
sulting from their exposure to external and in-
ternal radiation.

.
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6.1 Introduction

6,11 Signifi-- of the 1 March Shot

The events following the first shot detonated
at the Pncific proving grounds in 1954, de-
scribed in this report, served to emphasize new
problems resulting from the use of ntomic
wenpons. These different effects, the impor-
tance of which was only vnguely npprecinted
before, were brought into shnrp focus by the
present episode. In this chnpter the medical

problems m-socinted with the use of ~tornic
wenpons or nuclenr reactor ilccidel]ts will be
cliecussed. In pnrticulnr, the problems n--
tinted with lnrge smle fnllout, as they were
brought out in the present experience nlld as
they mny pertain to the thinking and plnnning
of civil defense, the militnry nnd industries em-
ploying nuclear power will be discussed. Hu-
man radintion injury resulting from exposure
to fnllout nnd other nuclenr mdintions will be
described, m well ns current thought on the
diagnosis and trentment of the disense stntes
resulting from exposure to these rndintions.

6.12 Extrapolation of the Pruent Findings to

More General Situations

It must be emphasized that the large experi-
mental nuclenr device, the detonation of which
led to the exposure of Iiuman beings to fnllout.
rndiation~, wns explmhxl close to the ground on.
:1 tropical coral atoll under geologic and geo-
gmphic ‘conditions tlmt i~re signiticnntly dif-
ferent from most populated :mens of the world.
Each of these conditions, i. e., size of wenpon,
height of burst, type of terrnin, ~~et~tller{con-
ditions, presence or absence of water Ilnder or
near the burnt will obviously influence markedly
the rnte :lmi extent of rontnminntion by fallout,
xnd tile pnrticle size and chemicxl nature of the
fallmlt mttteriill. These factors hnve been dis-
cussed ili ofliciltl relewes ( 1+). It follows,
therefore, that tlw evel~ts observefl ill the :wci-

dent reported here are not necessarily typical
of potential fnllout situations in the future. It
is clenr, however, that the cardinal effects to be
expected from fallout radiations, as exemplified
by the events described in this report, are clear-
cut and cnn be predicted with a reasonable de-
gree of :wsurance.

In particular, this nccident hns emphasized
the pnrticulnte rmture of the fnllout mnterinl
thnt rendered it visible in mtmy nrens. It should
l~ot be inferred that serious fallout will neces-
siirily be visible under other conditions of cleto-
nution. .11s0, the chemical nnture of the mn-
terin] (calcium oxide) will be encountered in
ON1y Iimited nrelLs Of tile ~~orld. .Uthough,

i\S stated in ( ‘hnpter I 11, the chemicnl nction
of the fill lout material WNSconsidered to have
colltributsd 1itt Ie or none to the effects seen, the
tlqwee of adl~esiveness of the mnterinl to skin
:~nd hnir might be quite different with different
fnllolit material, nnd in a colder climate where
s}veating would be minimal.

6.2 The Effects of Kiloton

6.21 Blast and Thermal Effectt

Weapons

Ilefore tl~el)roblems of f:tllollt :wsocinted with

Inegaton weupons ilre (liscussed in detail, the

me(licill effects ~jf kiloton wealxms will be re-
viewed I]Yiefly fm’ colltmst. Tile effects of such

wenpo]~s lli\Ve )wen twnsideretl chiefly in the

ct)ntext of tile nominal or 2(J icr wenlwn deto-
l)}itetl l~igli in the ilir. {s), The I)liist und l~eat

etie{ots lmve hew trente(l tlwwlghly by th@l-
tersen et. ill. (6) :tll(l little :t{hlitiol)al cwnnwut
is wq~lired I)ere. IIlnst illl(l heat :wcouuted for

tlw vast mlljority of serious c:wu~tlties ill the
EIir(wliintn itt)(l.Nagasuki inci(leuts. It ShOIIl~

I)e l~f)illtetli)[lt, lmwever, tl)ilt in cities with more

sltt)st;l]jtial (Iwelliws th~lll were present ill
95
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Jnpan, or if partial shelters me employed, the
percent age of c:lsualties from these sources
would decrease a~~d the percentage with radiat-

ion damitge would increase.

6.22 Immediam Gamma and Neutron Radiations

The radiation hnznrd is due essentially en-
tirely to the immediate neutron and g~mma
radiation from the wenpon, ilnd exposure to
these radiations is only a mntter of seconds in
durntiou. Fallout is rehttively of no signifi-
cance. * Thus. there is no significant contnmi-
nntion of the skin and, therefore, no beta lesions
of the skin, I.ikewisei there is no signi fhmnt
danger of ingestion or inhalation of radioactive
nmteriai, and hence, no “internal emitter’” prob-

lem.

Both the immediate ~nmma nnd neutron

radiations are lli@ly penetrating nnd will pro-
duce mcute totnl bcxly ra[lintion injury in man.
The ratio of neutron to gamma ray contribu-
tion to the total effective (lose iit distances of
biological sign it%wnce varies with wenpcm type.
With moat common shielding mtiterin]s (earth,
concrete ), the relative neutron cotlt ribut iol~ to
the totnl dose decrenses with pussage tlmough
the materials.

6.23 Dependence of Effects on Circunwances of
Weapon Detomtion

The effects previously described were for n
high air b[wst only. With surface, llnder-

~pound and underwater bursts of kiloton.-
weapons, in ~~ddition to blast, heat, aIId imme-
tliate ionizing radiations, serious contamina-

tion from filllOUt cm occur. Its extent would
of course be less thnn with the “meguton”
weapon; however, its potential seriousness c:ln-
[lot be ignored.

‘Si&mill(wnt Iwv+4 (d neutr~)n-intiucwl r:idi(w.tivity

muy Iw present for n short time near grolln(lzer!~.

6.3 Added Effects of Megaton
Weapons

6.31 Immediate Blast. Heat and Radiation Effe

WrrI I TIIE MEGATON IWm, the snme pro
lems encountered with earlier ~ttomic wea
ons are also encountered, only nmgnitied ma
times. The urea of total destruction. instencl
otle or two miles in dinmeter, may extend s
eml tiuies tll~it fnr, depending (ilJoIl the size
tl]e wenpon. There are bl:tst, l~ent and rnc
tioll cilsuitlties as before, itl~dthe smne problem
of lmldling mnss CiNU211tieS on ill] unprec
dellte{l scale with minimnl or no facilities p

tain. In ndditiou, the problem of extensi
fallout is likely to enter.

6.32 PhenomenoIogy of Fallout

SN;XIF14.AXT F.iI.Lt~[~ RF.wv:rs only when
lilw bal] of tl]e bfNIIb conies ill conhtct with
surfuee of the enrtll. 11’itb the l]i@ nir b~l

ra(lioactivity comleuaes only ml .solicl partic
flwm the b4mIl) vompoilents itself, itll(l on d
in the nir. The ptlrticles are small,

drawn hi~ll into tlie ntmosl)here itnd ({o
settle to tire enrth for l)eriwls of days or e
mont 11s. IIy the time they reach the enrt
surfnce, the major part of their ra(lionctivi
lIas hew (Iissi!mted llillllll&iSl~in the :ltmos

phere NII(i IW significant Iumlrd results.
however, the weapon is [Ietonnted 011tile surfn
or {’be enough .s0 that tl~e tire ball to\tc”lleS
surface, tlleu l:lrgr :Imwlnts of materii[l
(IIWWII III) iiito the bomb cloud. .Many of

lmrt icles t 1111sformed ilre l~eavy enough to
wemi rnpiclly while still intensely mdioactive
Tl}e result is Ncon)lmr:ltively Iocalize{l are~
extreme ril{liowtive Cf)lltill)l illilti[)ll illl(i It II
Iitrger illWt of some ll:lXllrd.

‘1’lIe filll(lllt area vmsists, in elfect, t)f n I}
cmltaminated plane (excel)t ils modi tied
hllildingw or other sttwtures), elllitt illg illt)

lletil illl(l lwl~etrntillg gilllllll:t l“:lJ’s- lt is
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parent that most of this fallout area is beyond
the range of destruction by Mast or heat, and
thus one is dealing with essentially a “pure”
radiological siturttion.

The extent find potential seriousness of fall-
out was clearly indicated in official releases of
the .Atomic Energy Commission ( 1-4). From
these statements, the bomtis cloud could drop
radioactive nshes in a cigar-shaped zone about
22o miles long and 20 to 40 miles wide. There
could be sufficient radioactivity in a downwind
belt about 140 miles in length and of varying
width Up to 20 miles to seriously threaten the
lives of nenrly all persons remaining in the area
for 36 hours and who did not take protective
measures. The zones thus outlined for potential
morbidity and lethality depend obviously on
weapon size, wind and other weather condition,
etc. Strausa( 1) emphasized that possible caz-
ualty figures given are for the u?or8t po8&Z%~esit-
mttion. Casualties might be reduced greatly in
number because many in the mea would take
shelter or evacuate the area. ~lso, the pattern
of fallout might be spotty in nature, and thus,
mqny would escape exposure. Nevertheless, the
nrea where potential] y serious casualties mny
result may exceed by orders of mqznitude the
rehtt ively small areas for convent iomd weapons.

6.33 Tbe Effects of Gamma Radiation From
Fallout

The gamma radiations are penetrating and,
M seen in the lfarshallesq produce the same

type of injury produced by the initial radiation
from the cm!ventionnl weapon. In the one cnse
radiation-is delivered from a distant source; in
the other from essentially a plane field. In
both situations, penetrating radiation of the
entire body results. Qualitatively, the results
are identical. Quantitatively (e. g., close-effect
relationships), there may be differences clue to
incompletely known and understood differences
in the energy of radiation and in dose rnte, and
in the geometry of exposure (see sec. 6.42). For
these reasons, und for additional rensons to be
advanced later, instrument readings of roentgen
dose measured in air and pu})]ished dose-effect

tables for man should be used only as a rough
guide in csmmlt y esti mat ion.

For order of magnitude of doses that may be
encountered in the fall out area, the following
figures for total dose for the first 36 hour period,
nre quoted fzom chairtnnn Strauss’ release ( 1).
Ten miles downwind from the large device fired
nt the Bikini Atoll on March 1, 1954, within the
test site, n total dose of 5,ooO roentgens was de-
livered over a period of 36 hours. ‘The largest
total dose delivered outside the test site was
2,300 r for the same period at the north-west
end of Rongelap Atoll about 100 miles from
Bikini. Two other areas in Rongelap 110 and
115 miles from Bikini received 2,000 and 150 r
respective] y. .M-iother area, 125 miles from
Bikini received 1,000 r over the 36 hour period.

Effects that may be expected for given doses
of penetrating radiation given over a few min-
utes or hours are indictited in Table 6.1 (’i). It
is emphasized that such tables are derived
chiefly from znimal data and thus, should
be taken as approximations only. These
values vary considerably from the 13ritish

estimates ( 8)..

Table 6.1.—Effeccs of Acute Total Body Irradia-
tion on Human Beings

’50r No casualties. NO redllction in
effectiveness.

100 r Two percent may be casualties
(nausea and/or vomiting) for
short period of time. -No evacu-.
ation contemplated. No signifi-
cant reduction in effectiveness.

150 r Twenty-five percent casualties in
a few hours. First definite re-

duction in effectiveness. Fifty
.percent of the casualties in this
group will have to be evacuated.

200r All must be evacuated aq soon as
possible. Fifty percent will bc
noneffective.

300r Approximately 20 percent deaths.
All need evacuation immedi-
ately. All are noneffective.

450 r Fifty percent deaths.
Over 650 r Lethal dose, but not Ileces.wril!’

for all so vxposed.
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With regard to the problem of dose rate, there
is essentially no difference in etfect of a given

dose delivered over a few =conds, a few minutes
or a few l~ours. However, a dose delivered over
several days or weeks will be much less effective
for some effects, than will the snme dose de-
livered over a few minutes. Somedatn indicate
that the etlect of a given totnl dose decreases
roughly as the fourth root of the number of days
over which the dose is given; thus, n dose de-
1ivered over 16 days would be one-half as effec-
tive as the same dose delivered over one day.
These relationships were worked out on nnimals,
using the so-cnlled “rectnngulnr”: dose schedules,
e. g., d-s delivered ~lt a constant rate. There
are no dnta avnilable to nid in ewduating ade-
quately the effect of a constantly changing dose
rate ns encountered in a fission product tield.
Also, the relationships were worked out using
acute effects, such as 30-day mortality nnd it is
not nt all certain how closely they apply to
longer-range effects such as cancer production,
shortening of life span, etc. Genetic effects
apparently are dependent on total dose i~nd
show little or no dependence on dose rate.

tL34 The Effects of Beta Radiation From Fallour

IZxtensive beta lesions from fallout in human
beings hnd not been encountered previously.
As described in (%npter III, the lesions, both
clinically nnd histologically, were consistent
with previous datn on experimental human and
animnl bent ray burns.

Seveml points should be mnde regarding the
betn lesions from fallout radiations. Ileta le-.
sions of the skin nnd depilation can occur in
the nbsence of lethal doses of gnmmn rays nntl
cnn & serious. Thus steps should be taken to
prevent them. .\nd it would appear that, with
rwsontble precautions they cnn be preventetl, or
at least markedly reduce(l in severity. ( 10nti~ct

of the fallout with the skin can be l)revented by
remnining within suitable shelter or by wenr-
ing ordinllry clothing. I f exp{)sllre cannot be
prevented, etirly and cmn])let,e decontamination
of the skin :~ntl Ilitir would prevent or lessen tile
severity f)f the lesions. I’nrtictll:lr :tttentiwl
slmuhl be given to tl~e Ilair hecnuse {~f the like-

lihood of nctivity being trnpped there. If the
hair is contaminated, and it cannot be cleansed
promptly by washing, clipping or shaving
should not be delnyed.

6.35 The Effects of Internal Emitters From
Fallout

The fallout mnterinl cnn be inhaled or in-
gested iind it will, of course. contaminate ex-
poeed food or writer supplies. Thus, :ls ~~ith
beta burns the possibility of n haznrd from this
source is possible. .% with the betn burns,
however, the problem mny not be too serious
nnd relatively simple measures will aid in min-
imizing exposure. The particle sizes of the
fallout material probnbly will exceed the opti-
mal size for n mnjor inhnlntion hazard. From
data on the .Mnrshallese exposed to fnllout, it is
seen that the clegree of internal hazard in the
exposed persons was small. ‘1’his is encourag-
ing, since these people lived in n relatively prim-
itive stnte where maximum probability of con-
tamination of food and water supplies existed.
If the hnzmrd was minimum under those con-
ditions, it should be even less nnder conditions
of modern .imericnn living. With :111of the
testing of nuclear devices in Nevnda and else-
where, the level of strontium, the most impor-
timt fission product ns fnr ‘ns internal l~:izard
is concerned, is still only ilbo~lt t/lMM) of the
permissible body h(lr(len :Wrecommended by the
National (’ommittee on Radintion Protection in
Njltionn] lJllrenu of Sttln(liirds Hilndb~k 52,
for in(lustrin] worke~ (9).

The lmoblem should not be neglected, howe-
ver. Tile etfects {}f illternnlly (Ielm..ited rndio- .
:lctive mnteriais may not bewm)e appnrent for
many years and, thus, the problem in the Mnr-
sh~tllese will not be fully evnlunted for yenrs. “.
Every Imsible pl’eCitllt.ioll xgninst inhaling riL-
(Iionctive mnterinl, or of ingesting Collti~nlilliItetl

fOO(l Wll(l writer SI1OIII<I h? titke!l. f;X+ lllllSkS

thnt etliciently remove tission I)mluet pnrticies

from the iiir are nvttilnble :~ntleven a wet clutll
over the fit(~ is of cwlsi(lernble v:lllle fi)r tl)is
I)llrpose. .Sl)rillkling of Nn il~e:l is etfective ill
re(ll]cing tl~e nlllolil)t[~f (lust it] tlw :lir. 1,’l:tin

W:tter, or w~np illld wwter will rww)ve :L Inrge
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proportion of contnmimmt from most surfaces.
That remaining is firmly fixed and is not likely
to become airborne easily. If a personnel decon-
tamination center is established, it should be
relatively mobile and isolated from more per-
mtumnt buildings where definitive care is given.
This stems from the fact thnt contamination
can only be transferred, not destroyed, znd the
decontamination area is likely to become quite
“hot” in d relatively short time. Tinned goods
can be eaten with comple~ safety nnd it is
highly unlikely that city water systems outside
the area of blast damnge will be contaminated
soon after II burst. One thing appears to be
certain-any effects from internal radiation will
be long range and will be of no concern in the
acute period. Total body radiation from
gamma rays, and skin irradiation from beta
emittem will be the chief radiological concern
nt early times following rm explosion.

6.36 Evasive Action; Protection From Fallout

Some warning of possible fallout will be
available nnd the fmlling radio-active material
mny actually be visible. .4s stated, the pattern
of fallout will depend on wind velocities and
other weather conditions, and the pattern is thus
difficult to predict under the best of circum-
stantes. However, it will be apparent that in
closer-in nreas, fnllout mny not occur for sev-
eral minutes after the blast and this period may
extend to several hours at grenter distances and
with slower wind velocities. Thus, there is some
time for evasive act ion. (‘consideration migh}
be given to evncu&ing the area if possible fall-
out pattehs have been investigated :md are be-
lieved to be predictiible. or it may he possible
to take shelter. Sufficient time probably would

he nvailable to allow rei}ltively complete prepa-
ration for an extended stay in adequate shelters
with storing of sufficient food and wilter to
allow some idvtilltigeto be tiiken of tile &cay
of fission profiuct rmliution with safer evacua-
tion of Nn area a few d:lys after the fullout.
Fwilitiss mny, for tile most part, he essenti,~ily
intnct, surli )1swriter, lmwer, tire-fighting equip-
ment, etc. Ill this sense, at least, one is im-

measurably better olf than within the area of
blast and thermal damage.

With regard to effectiveness of shelters in the
fallout area, the follo~~ing estimates have been
released. .~ frnme house would reduce the total
dose received by one-hulf, and a brick or con-
crete structure would be more effective. .%
basement would reduce the total exposure to
one-tenth of its value. In a shelter of thickness
equivalent to three feet of earth, the dose would
be reduced to one five-thousandth of its value,
affording complete protection in the most heav-
ily contaminated areas.

It should also be noted, on the other hand,
that while the demty of fission product radia-
tions is extremely rapid over the first few min-
utes after detonation, the rate of decay becomes
considerably leas rapid in the succeeding hours
(2). Thus, with fallout occurring some hours
after the blast, if adequate shelter is not nvail-
xble, end ier evacuation may be better than re-
lying on partial shelter and on rapid decay of
the radiation field. Starting at 1 hour after
the blast, a given dose rate will fall to about
44 percent of its value by 1 hour later. How-
ever, at 10 hours after the blast, u given dose
rate will fall by only 11 percent of its value in
a lwriocl of 1 hour, e. g., the dose rilte ut 11 hours
will be 89 percent of what it was at 10 hours.
Such statements ns “more tluln SO percent of
the radiation dose from atomic debris will be
cleli}-ered within 10 hours of the explosion time”
:we trl:e only if fulhnlt occnrs immediately after
the detonation. If the maximum fallout nnd
thus maximum exposure rates in a fallout area
lmve not occurred for several hours, the rnte
of f;~llout ill the area ohvimlsly will not be as
m[)id us it would be for e+lrlier fallout mtiteriul.

6.4 Estimation of ,the Severity of Ex-

posure to Gamma Radiation

6.41 Predictions From Physical Estimates of Dose

I f the illlM)lUtf?sensitivity of m:m to rm3ia-
tion were known, illl(lif it wem feasible to de-
ternliue the (lose to grotll)s IInder c:ltastrophe
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conditions a renlistic statistical prognosis could
be made. However, the problems involved with
estimation of dose received by the individurd
present real practical difficulties. It is prob-
able that does estimates will be ~vailable from
dosimetry devices or from dose contour lines
and the position of the individual during ex-
posure. Some of the difficulties of relying
heavily on dose estimates are obvious. The ex-
nct position of the individual and the degree of
shielding will not be known precisely. The
cioeimetry device records the dose or a dose rate
which may not reflect accurately becauw of
shielding, energy dependence of the device, etc.,
the deposition of energy within the individuals
nt the site of interest, namely bone marrow and
~-strointestintd tract. More important, be-
cnuse of individual differences in sensitivity,
individuals exposed to the same measured dose
may differ widely in their responses. Thus,
estimates. of dose calculated from dose rates or
derived from nn integrating doeimeter or from
position of an individual during exposure cnn-
not be accepted as the best index of the probnble
fate of an individual, or as the final index to
therapy, triage or prognosis. Since the syn-
dromes of rndiation injury have vnrying symp-
toms and are dose dependent, the symptomology
is in senss, o personal indicator of one’s fate.
Experience with human radiation injury at
Hiroshimn, Sagnsnki, with reactor nnd critical
nssembly accidents and the fallout accident de-
scribed herein strongly sugp~st that the ~t
method for estimating the seriousness of ex-
posure nt the indivi.duttl. level is the sympto-
matic appronch. .1s with any disease, an ac-
curate appraisal of the patient’s condition re-
sults only from n thorough evaluation of the
history, physicnl nnd laboratory examination
(see Section 6.X3 he{ow).

6.42 Influence of Geomerry of Exposure on the
Effecrive Dose; L% for MarI

The influence of the geometry of exposure on
the etfect ive dose is discussed in ( ‘hapter I, nud
the minimal lethnl {lose for man in (’hapter IV.

Dose rates from which the total dose received by
the Marshn]lese was cnlcu]nted were mensured
free in ~tirin x plnne 3 feet nbove the ground sur-
face. Because of the planar geometry of ex-
posure itnd the energy of the beam, for this
measured cio.serate, the dose rnte nt the center
of the body would be greater than for the snme
dose rnte from a high ener~~ X-ray source,
measured in air nt the proximal skin surface.
The etfects of fallout gammn radiation would
thus be expected to be greater, for the same dose
mensured in air, than wo~lld Itiboratory raclin-
tions.

The high initial incidence of nausea, vomitimz
and diarrhea in the high-exposure Mnrshaliese
group, and the profound neutrophile and plate-
let count clepression indicated n greater effect
than might have heen expected from 175 r in
the laboratory, in keeping with the above. .\s
indicated in (’hapter IV, from this vn]ue for
the dose received, and from the dep~ of leuko-
cyte depression it is possible to estimate the dose
nt which a small incidence of mortality would
have resulted without trentment. T}~ese con-
siderations would place the threshold for mor-
tnlity at approximately 2i2!5r, :ind the LIL, tit
approximately 350 r for fallout gammn radia-
tion. It is also clenr from the above consider-
ations, that a figure for aJI lJXI for man,
independent. of the condition of exposl~re is

essentially meanin@sS.

The I.TL figure of MO r is l~elow the ~~~llleof
+00 or 450 r commonly quoted (7). -i recent
re-evaluation of the .Jnpnnese Xagnsnki tmd

Hiroshima bombing datn hns resulted in a fig-
ure well above the -HN)or +50 r vnlue for the

imme(liate rndiation from tl~eImrnb. The error
in this tigu;w, w well as that obtniwd from the
.Malshallese (lntn, is very went. H~\~ever, t~le

profound hemntologicul etfects seen iti the

.Marshallesc would :~rgue stroilgly for lowering,
or at least uot rnisiqq the current IzIL esti-

mates for civil (lefel\se Nml other planning, this

particularly Ill)(ler cit~llnwtan(’es where f:~llollt

radititicms may he expected to be tile thief
“irndiologic:l[ h:wwl[ .
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6.5 Radiation Syndromes as a Func-
tion of Type of Exposure, Dose
and Time After Exposure

6.51 Effects of Superficial, Penetrating and In-
rernai Radiation

Radiation injuries cnn be divided into three
general c1asses:

a. The syndromes of whole body mdintion
injury which m-e produced by penetrating ion-
izing radiation, and which are dose dependent.

b. Superficial radiation burns produced by
soft radiations (beta nnd low energy X- or
gamma radiations).

c. Radiation injury produced by the deposi-
tion of radionuclides within the body. The
clinical picture varies with the site and amount
of deposition.

Each of the above is associated with an early
phase in which acute symptoms nnd signs may
be observed, and n hate phase in which chronic
changes or manifestations such M cancer may
be obsewed. Also, the deghse of injury is pro-
portioned to dose. Particularly in Class a,
total-body irradiation, the disease entity seen
is highly dependent on dose.

6.52 The Syndromes From Total Body Pene.
tracing Radiations

The dose-dependent syndromes resulting
from total-body exposure in the mammal hnve
been described in detail ( 1O-13) and need only
be summarized here. After large doses ( ap-
proximately 6,000 r or more*) the centmzl neru-
ow .y@.em ,?yndronw ( CNS ) is produced
( 10). Death may occur under the beum after
some hours, find is preceded by hyperexcitn-
hility, ataxia, respiratory distress, imd inter-
mittent stupor. Doses capable of producing
this syndrome are always uniformly fatal. If
w occasional animal survives this (’XS he l)as
yet to experience the ~a~trointe.~takal *yndrome
( GIS ), ( 10, 12) which when produced by doses

“Species v:triation.

in excess of 1.500 r is rdwnys fatal within 3-9
days.** The GIS is so named bemwse of the
mnrked nausea, vomiting, diarrhea. itnd denu-
dation of the small bowel mucosa. The GIS is
n uniformly fatal syndrome in most hhoratory
animnls. If the short duration GIS of a few
hours does not produce the H day denth, the
survivors of this syndrome have yet to experi-
ence the sequelae of bone marrow depression
which has been termed the hemopoietic .tyn-
drome ( HS). The HS is not necesmrily fatal.
lt is the clinicnl picture that is seen in the
lethal range for nll mnmmals and in genernl
the l~DWvalues reported represent the LI),o for
the sequels of hemopoietic depression-grnnu-
Iocytopenia m-id depressed defenses against in-
fection, thrombopenia, and tmemia with the pos-
sible resulting infections, diffuse purpura, and
hypoxia due to anemia, any of which may be
fatal. More detailed descriptions of the pnth-
ogenesis of these phenomenn hnve been pub-
lished ( lW16).

The above picture of radiation syndromes is
bnsed on :mimal experimentation: however,
human experience (6, 17-$X2) hns indicated that
man probably corresponds quite closely to the
general mammalian response outlined above
with the exception of some di tferences in time
of occurrence. The CIYS apparently was not
observed by the ,Jnpanese :lt Hiroshima and
.Nagnsnki (21, 92) nor would one expect it to
be observed since doses to produce this syn-
drome were well within tl~e men of total de-
struction. The GIS with denths in the 1st
week nre well documented cl ilt icnl Iy :tncl patho-

logically :KS tire dentlls from the HS (6, 18,

21, YJ ). However, in the case of man, deaths
from infection were most prevalent in the AI
to 4tl~ weeks ( m“uximum il~cidence during :hl
week ) :tnd from henlorrhwgic l)hemmlenn in the
:kl to fith weeks ( maxinlum inci([e~lce in 4tl~
week) . IIi tl]e ,Jnpaness, after the bombing of
Hi roshirna oIId Nagasaki, deutlls from r:idiu-
tioll injury were occurring as lxte as the 7th

..ThprF tire ~l~ie~ ~n{l~truin v:iriu(i(m.s. The X-k

{Iuy (Iwtths :Ire most Imernlent i!) {h)gx, mts nnd mice.

hnt detith~ (m TA;th IIUYN ure w+m. (;uilleu I)IKS ~n~l

hum~ters survive &X (IuY*.

\
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week. This is in contrnst to other mammals
where denths from the acute phmse are uncom-
mon after the 30th day.

6.53 Probability of Survival as Related to
Symptoms

Hence, individuals exposed in the lethal
range (where some, but not all, will die in the
tirst severnl weeks following exposure) can be
divided according to symptoms and signs, into
-groups having a different prognosis. Thus
they may be divided into three groups in which
survival is, respectively, improbalde. powrible,
nnd probable. It will be apparent that there is

no shnrp line of demarcation among the groups.

Group l.—l’$urvivaJ impob~le:
If vomiting occurs promptly or within a
few hours tmd continues and is followed in
rapid succession by prostration, dinrrhea,
anorexirt, fever, the prognosis is grave:
death will almost definitely occur in 100
percent of the inrlividwds within the 1st
week, There is no known thernpy for these
people; accordingly, in rAcatastrophe,. at-
tention should be clevotecl principally to
others for whom there is some hope.

Group 2.—,~’urvimzJ powib!e:
Vomiting muy occur early but will be of
relatively short durntion followed by a
period of well-being. In this period of
well-being mnrked ch~mges are taking plnce
in the hemopoietic tissues. r.ymphocytes

are profoundly depressed within houm and
remain so for months. The nentrophile

count is depressed to low levels, the degree
and time of maximum depression depend-
ing upon the {lose. Signs Of infection mny
be seen when the total neutropilile count
hns uenched virtllnll y zero (7-9 (lays). The
platelet count nmy reach very low levels
after 2 weeks. Externnl evidence of blee{l-
ing mity Occilr witl~in 2 or 4 weeks. This
(~rollp represet~ts tl)e lethal (lose range inP

tlie (’l}lssi{’itl l)llurnlacologic sense. In the
lligller exlmsllre :N)lll)s of tl~is tvttegory
tlw Iittent periwl l:wts from 1 to 3 weeks

IL4DIATXON

with little clinical evidence of injuries other
than slight fntigue. .lt the termination of

tl~e latent period, the patient may develop
purpum, epilntion, oral nnd cutnneous
lesions, infections of wounds or burns,
dinrrhea, and melenu. The mortality ~vill
be significant. With thempy the survival
time can be expected to be prolonged and
if sufficient time is provided for bone mar-
row regeneration the survival rate will bs
incrensed.

1n groups 1 nnd 2 the blood picture is not as
well documented as in group 3. There nre good
c1inicnl reasons to believe thnt in the lethal
range the gmnulocyte depressions wil 1 be
marked and below 1,000 per mm3 during the
2d week. (%od observations in .Japan (21,
~~) con~rm t]li5 contention. However, in the

sublethal range it trikes much longer for the
grnnulocyte count and plntelet count of man
to reach minimal values, ns compared to other
mnmmnls (see (%apter IV and reference 10).
Despite the chnotic conditions that existed in
Hir@himn, the d~lta of Itikuchi and ~~akisaka
(22 ) shows that there was a more rapid and
marked decrease in Crroups 1 id 2 than in
Group 3.

Group 3.—L~urvival lwohubi~ .’
This group consists of individual who mny
or may not have lmd fleeting Ililllseiland
vomiting on the tlilyof exp(mre. In this
gronp there is no further evi~lence of ef-
fects of the exposure except the herna-
tologic changes thnt ran be detected by
seri~ll stuflies of the blood witl~ ]mrticul:lr
reference to lymphocytes itnd plate!ets.
Tlie lymph~vtes reach low levels e:irly.
within, 4.8 hours, iln(imy show little evi-
dence of recovery for many months :~fter
eqms~lre. Tile grlltlulocytes tn:ty sllt)w
some {le!wessioli tlllring the second and

third week. However, considerable vi~riit-

tion is encountere{i. .i Iiltefilllilt the

w~,llllllfyvtef+(liiring the Gth or Tth ~reekP

mny occur illldSllolll(l~~ ~~:ltclle(lfor.

I’liltelet c(jllllts rwlcll tile hllvest or) :t[}l)r(m-
illl~~tely tile ;![)th (Iii’jnt the tinw wl~el~

\\
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maximum
mess who
Xagasaki.
count and

bleeding was observed in .Jap-
were exposed fit Hiroshima and
This time trend in the platelet

the development of hemorrhage
is in marked contrast to thnt. seen in lab-
oratory animals when platelets rench their

lowest level around the loth to 15th days
nnd hemorrhage occurs shortly thereafter.

In this group, individuals with neutro-
phile counts below 1,000/mm’ mny be com-
pletely asymptomntic, Likewise, pntients
with platelet counts of ?5,000/mm3 or le9s
may show no externnl signs of bleeding.
It is well knom.n thnt all defenses agninst
infection are lowered even by sublethal
doses of rndiation and thus, patients with
severe hemutologicnl depression should be
kept under close observation and admin-
istered npproprinte therapy m indicnted.

6.6 Relative Hazards of Beta and
Gamma Radiation From Fallout

COMBINEDBRTA 13CRNS to the skin and whole
body gamma radiation injury can be sustai ~led,
ns in the present experience. However, situa-
tions may occur following fallout in which
prompt evacuation from the ares would limit
the whole body dose to minimal level% but in
which delny in decontamination of the skin
would permit severe radiation burns. The re-
verse situation is not only conceivable Ixlt oc-
curred to a limited extent in the }farshnllese
and .imericnns. Those, who were inside, and
or completely clothed, received practically no
skin burn{ but received apparently the same
degree of whole bmly rndintion. (jne mig])t
UISObe exposed ill the open. (lwol~ttl)~~ill:lte([
promptly and then enter iislwlter bec:lllse of
delay in exticutition. [-llfler these circllm-
stunces, one would receive pre(lonlillillltly
whole body radintion injury.

ln the course of the present acci(lent the l)res-
ence of some open skin burns did not seem to
exert a deleterious influence on the sponta]wous
course of the l]ematologic tlepressiol). I row-
ever, with more severe {Iegrees ~}f llenl:ttologic

depression open wm.uNIs of any type would pre-
sent i~dditionill potential portnls of entry for
bticteria. Certail]ly in the case of thermal
bllrll~ ( ~:~, 21), tile ChlUICeS Of recovery am

dimillisl~ed as a result of the combined injury.

6.7 Therapy of Radiation Injury

THE TitFATXXXT OF nctlte rx(liittiol~ il~jury

has been discussed (25). It is essenti~llly that
which souml cl illiCil 1 judgment would dictate.

supplies ill){lmedications itrethose indicated
for }LllyIIltws CilStl/{lt~situution, Nnd emphasis
should lie chiefly on the magnitu~le of the sup-
ply prohleul. .illtibiotics will he required in
large itmounts to combat the in feet ion that.
plttys n Iitrgeroie ill morbidity tttd mortality
:Irnong irradiated in(lividua]s, ;wd blood,
l)lasma :~ml other intravenous fluids will be re-
quired to correct tile sh%k, nnernia and fluid
imbalance. These agents sl)ould be used, :1s in
:LIIclinical colditim]s, when clinic:ll nncl l:dx)-
ratory tindi]~~w (if hdmrutory work is lmssihle)
indicate tlieir IIee{l. .iny marked l)rOpl~~liictic

vn]ue of these ageilts IN+ Ilot been (Iemm]strate(l.

Nml considerntioils” of probable slmrt sIIl)ply in

tlie fil(l? of overwhelming demnml would mi]i-
t:lte against their use in tl~e ~lbsel]ce of cle:w
cliuical il](lic:ltions. ‘here ilrew dru~m sl)e-
cific for radi~ltiou injury in mill~. (’considerable
l)mgress lliiS1S331Itlildein developing :tq?lltS
etfective ill :llliIlliilS if given prior to irrafliution.

of grwlt experimental interest in ~)f)st ex-

posure therwl)y hits been tlie(levelo~m)el~t of
etiective tller:tl)y by injection of spleuic :111(1
lMJIIe murrow l)repurati~)ns. llO\vever, tlie ex-

treme liLbilit~ illldgetletic slwciticity of tlwse
i)relmr:ltiol)s in(licntes tlmt tlwse :lgellts lllil~
IIeverhe {Jf pmctir:ll mlue. 111it(l(litioll slll)-
stitlltioil tlwlx])y hy trill lSfllSiOll of selmr:ltetl
l)lilteletS xllti neutrq)hiles to conllmt hemor-
rlmLw xll(l i Ilfect ion is of Vxl)erilllelltill interest

I)ut itt I)rwellt te(.lllliflues il~e llOt sldticiently

{levelolk(l to W:lrr:tllt ct)llSi(leriltitMl of st(Mk -

l)ilill~.
‘1’lipre;lrv tit) slwvitic (ltvt~% for tlw trtwttlwllt

f)t Iwt:i lrsif)tls of tlvs skill. (’;treful tle:Illli-



104 EFFECTS OF IONIZING RADL4TION

ness should be observed and bland, watersoluble
lotions may be applied. Infections should be
treated with itntibiotics as may be indicated.

.l similar situation pertains with regard to
the internal radiitt.ion l)ilz~rd. Certain chelat-
ing itgents and chemical compounds such M
EDTA* and zirconium citrnte have shown con-
siderable promise in nnimnls both in preventing
deposition of certnin of the tission products in
the bones nnd in accelerating their removal
following deposition.” The earlier these com-
pounds m-e given following exposure, the mom
effective they me. However, as indicated above,
it is doubtful that the need for such ngents in
the acute period following nn attack would be
grent.

The following additional suggestions regnrd-
ing the core of bomb cnsmdties nre submitted
for consideration. .ilthough civil defense or-
gmizntions in ~nnernl hnve made -~at strides,
it is apparent that even with n well-integrated
plan some clegree of chnos will be present and
enrly nid to mnny- victims will not be forth-

coming. Hence, the importance of self-nid and

mutual-aid in effecting survivnl must k

stressed. I)octors and medicnl facilities of any

kincl wiil be in critical short supply; thus, train-
ing of Iny individun]s in more definitive treat-
ment, rather than only tirst i~id, deserves care-
ful consideration. Since iwcur~lte prediction of
where n bomb will fall is impossible, central

civil clefense orgimization in criticnl tnrget
arexs should be au~rmenteci by a “celfular”” plnn,
iL plan of --graphical units within the area
thnt nre essentially self-sufficient in terms of
supplies ild communications, :md which tian
render nid to other cells dnrnaged by the bomb.
Thinking in terms of dumage within 11tnr@
:Iren wlequatel y lmndled by the fncil ities of the
regiO1l must & replNc~ wit]) consider:~tion of

lwssible {’or nplete i mmohil izat ion of f :tcilities.

with reSUltitllt depetldence on ildj:Lcellt lmll-

tttfectecl regions for :1id.

WI Xa stilt of ethylene diamine tetrnnvetic :wid.

6.8 Potential Long Term Effects

TJ<E lmNG TERM effects of mdiution on man
have been the subject of an exhaustive survey
by pnnels convened by the ~~tional .Icademy
of Sciences (26, 27). .%ccordingly there is no
need to review the subject in detail. The effects
are dose dependent. The qu~ntitative rela-
tionship of dose to etfect in man is not well
known. The following qualitative long term
effects hnve been observed in animals:
1) Shortening of life span
2 ) Incma=d incidence of mutations

3) Increased incidence of leukemia :md other
benign nnd mnlignant tumors

4) cataracts
,5) Cnrdiovasculnr renal disenses
6) Sterility or lowered fertility
7) Impaired growth rate

In some of the survivors from the atomic
bombs at Hiroshima nnd ~i~gasoki the follow-
ing Imve been definitely observed:
1) ~ittarnCtS

~) I.eukemia
3 ) Irnpnirecl growth pntterns in some children

Intensive study of the exposed population at
Hiroshimn and ~agnsnki is n continuing nctiv-
ity of the .-ftomic Bomb ~iisuitltyCommission
ils is the stlld.v of tl~e Milrsl]iillese who were ex-
posed to fnllout. In the ilbSellCf!of qunntitiltive
(10SSresponse diltilfor m:ln. it is impossible to
prognosticntet witl~ cert:linty, what, if anything,
will (Ievelop in the exposwl Yfnrshallese. .fil
of tl~e plienon~ena enumerate(l above that Iulve
been observed in iill imitls ilre being senrciied for
by the medicnl team, thiit I)iis {[ndertakeit tlie
continuing care :md stucly of the ~~l~~h$!llese
on belmif of the .ftomic I?nerFw (’ommissiOll,
.innual stl;(lies xre being Ijerforme[l ihll(l will be
reported Iipoll :lt WgllliLr ill ffl”vt~ls.

6.9 Summary and Conclusions

.iI.TIl(II-(ilITll E ~INDIN~:Sill Illimitn heiq?s ex-
posed to fallout ra(liatiolls in tile slwing, 1954
I’iwitic fie{{ltests r:lnll{~t be c:trriwl OWI° PSiWtly
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to nuclear devices detonated under different
conditions, it is possible to predict from the
findings, with reasonable assurance, the chief
problems that. will result from fnllout. These
are M follows:

The medical problems in the immediate
vicinity of a kiloton atomic weapon or a
megaton bomb will be essentially similar.
With the larger wenpon, of course, the areas
of damnge nre much larger and, thus, the
numbers of casurdties with mechanical,
thermal, or rndiation injury :tre greatly in-
creased.

In addition, with lnrge weapons, nn nren of
fallout can extend for thousnnds of squnre
miles beyond the range of thermal nnd blnst
injury, resulting in gnmmn irmdintion, betn
irradiation of the skin nnd a potential in-
ternal hnzard in the xbsence of blast or
thermal injury. Serious fallout can occur
severnl hours after detonation and nt con-
sidemble distances. .~t this lnte time, the
early, very steep frill in dose rnte has already
occurred nnd the dose rate frills off at n much
slower rate. There may be ndequate time
for countermeasures and early evacuation
or other effective evasive action will reduce
by a Inrge amount the total dose received.

The gamma radiation is by fnr the most
serious hazard in the fallout area. It is
penetrating, and exposure cnn result in the
same ncute mdintion injury observed in the
,Jnpanese nt Hiroshima and Yngasaki. The
qunntitntive close-effect relationships may be
nitered because of dose rate und other differ-
ences”between the two types of exposure.

Beta r.wliatiotl of the skin from fnllcmt
definitely call he it~)roblem in the absence of

lethal doses of associated ~lmmu rn{liatiml.

.ilthough late ill tippearing, the skin lesions
may bs sufficiently serious to reslllt ill a

“c:lslmlt y.’. of equnl import:tnce, liowever,
is the (onsiderntion of tile etfectivel]ess of
rutl]er simple countermeasures in preventing
tlie Iesimls. Tl~e lesions iil)[)ilrentlyresult

mainly from mnterial deposited directly on
the skin, although beta radiation from the
ground, building, or even clothes mny con-
tribute to n smnll degree. Thus, shelter
within a building, covering exposed skin
nrens with clothing nnd early skin and hair
decontamination would go far toward pre-
venting this hazard. -

Some degree of internnl contnminntion will
occur in persons exposed to fnllout. The
amounts deposited in the body, however, will
be relatively small. It appeurs certain thnt
no contribution to the ncute medical picture
seen will result from this cnuse. It appears

1<nso, zlthough (inta are incomplete, that
little or no long-term hnzard is likely to
result from this cnuse, particularly if
reasonal)le precautions nre taken to avoid
excessive inhalation or ingestion of the ma-
terinl. The acute medicnl problems in the
fallout aren will be concerned principally
with totnl-body gnmma exposure; some with
twta irmdiation of the skin.
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